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PREFACE 


The subject of the low temperature carbonisation of coal is one which is attract- 
ing considerable attention at the present time ; although it cannot be claimed that the 
difhcult problems, involving both scientific and economic considerations, have yet 
been completely solved, there can be no doubt that considerable progress has been 
made in the direction of their solution. 

The genesis of the book has been explained by Sir George Beilby in the Fore- 
word. Its preparation proved to be of considerable difficulty as the subject is 
rapidly developing and many of the problems involved still require much further 
exploration. It was felt, however, that the subject could best be dealt with by 
giving the most reliable data on the different aspects of the work together with such 
conclusions as can safely be drawn from them. Unfortunately it is not always 
possible to draw definite conclusions and the Authors are only too well aware that, 
of necessity, some of the sections have been left with an incomplete survey of the 
aspects to which they relate An attempt has been made to dissect the variables 
and to make each chapter self-contained so far as is possible. Such a method of 
treatment, however, inevitably involves a certain amount of repetition in a subject 
where such variables are so closely interrelated as in the present one. 

The Authors have made use of material contained in official publications 
ind have to thank the Controller of H M. Stationery OJBfice for permission to 
reproduce certain diagrams from these reports Free use has been made of 
lata contained in the proceedings of technical societies as well as of articles in the 
lechmcal Press , where possible these have been acknowledged in the text. 

The Authors wish to express their grateful appreciation of the advice and help 
irhich they have received from Sir George Beilby and for the interest which he has 
aken in the work ; it is indeed to him they owe any special knowledge of the sub- 
let that may have justified them in undertaking the task 

They also wish to express their thanks to Dr. E V. Wheeler and Dr. 0. R. 
"^oung , to the former for much helpful criticism of tie portions bearing on the 
onstitution of coal and other aspects of the subject which he has made peculiarly 
is own, and to the latter for help and advice in the preparation of the sections 
earing on the chemistry of the subject. 

They are greatly indebted to Professor H. C. H. Carpenter, F.R 8 , who has 
ven advice on the properties of cash iron and other metals when exposed to high 
mperatures. 
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They are also indebted to Dr. Margaret Pishenden, Mr. J. G. King and other 
colleagues for much valuable assistance and to many firms and individuals who have 
supplied drawings and details of their processes. 

In conclusion the Authors must pay a tribute to the generous manner in which 
Miss G. I. M. Blair has devoted her scanty leisure to preparing the manuscript 
for publication and for seeing the work through the press. 
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FOREWORD 


It was suggested to me early in 1921 that a book on the subject of low tempera- 
ture carbonisation would be welcomed by many who are interested in schemes for the 
more efficient utilisation of our coal resources. It is now widely recognised that this 
subject is of national importance, for if it becomes commercially feasible to carbonise 
in this way any considerable proportion of the tens of millions of tons of the coal 
annually consumed in the raw state m Great Britain, low temperature carbonisation 
would play a vital part m the solution of the smoke problem and in that of the 
home production of motor spirit and fuel oils. The subject, however, is far from 
simple, for its physical, chemical, mechamcal and economic aspects are so closely 
interwoven that only after an intimate study of all these aspects ought any serious 
estimate of its development as a national industry to be attempted. In the absence 
of this all-round knowledge much that has been publicly spoken and written on 
this subject has been not merely futile but actually harmful to genuine progress 

In the Government Department of Fuel Research a carefully thought out scheme 
of inquiry has been steadily pursued for the past six or seven years These inquiries 
embraced not merely the first-hand experimental work carried out at H.M Fuel 
Research Station, but the similar work of outside inventors and experimenters all 
over the world. 

The intimate association of Dr Lander and Mr McKay with the course and the 
results of these inquiries, and their complete dissociation from any interests, direct 
or indirect, in the commercial development of any particular schemes, placed them 
in an almost unique position as the Authors of a work on this subject. 

With the full concurrence of the Department of Scientific and Industrial Research 
I therefore asked Dr, Lander and Mr McKay to undertake this work This they 
ultimately agreed to do, though not without considerable hesitation, in view no 
doubt of the heavy additional strain on their time and energy which would be 
involved 

Having now before me the work as a whole I feel that the pressure put or “ 
xiuthors to undertake this exacting task has been fully justified. The mo 
this work is studied the more evident will it become that the Authors have ap- 
proached and dealt with their subject not only with great breadth of view but with 
a keen appreciation of the techmcal and economic problems which have been solved 
or are still awaiting solution. 

G. Beilby. 

London, 

Maichy 1924* 
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CHAPTER I 

INTRODUCTORY : AN INITIAL SURVEY 

PHASES IN THE HISTORY OP LOW TEMPERATURE 
CARBONISATION 

The liiatory of low temperature carbonisation, so far as Great Britain is concerned, 
may bo divided into two peiiods, tbe first dating from Parker’s origmal proposals 
in 1900, and tlic second ten yoais latei, bcgmnmg diumg the Great War, when 
the whole question of fuel utilisation proved to be of such importance that the 
subject of low temperature oaibonisation was raised from relatively limited signifi- 
cance to a gloat national problem 

Duiing the first period experimental work was pursued by Paikcr, Beilby, 
Maclaurm, and others These investigators concentrated tlieir attention chiefly 
upon th(^ production of a smokeless fuel, and, dining the eailiei pait of the period, 
regarded the ciiide oil obtamed bom then experiments as being of compaiatively 
small importance In 1912-13 tlie Royal Commission on Fuel and Engines for the 
Navy, under tlu' cliamnanslup of Lord Fisher, exhaustively exammed tlio possi- 
bilities of obtaining fuel oil fiom existing home industries They lepoited tJiat the 
only means of so doing lay m the development of a new caibonising industry 
tounded on the distillation of bituminous coal at a temperature much below that 
used m gas retoits oi coke ovens ” It was also cleaily bi ought out in this Report 
that, as the possible oil pioduction amounted only to some 5 to 8 per cent by weight 
jf the coal tri'ated, the creation of a market for the other products of carbonisation 
ras necessary foi the solution of the economic problem The Report of the Com- 
nission naturally focussed the attention of the public on the whole subject of low 
;emporature carbonisation, and not only provided a new incentive to investigation, 
)ut made the problem of the economical disposal of the coke assume new and huge 
iroporiaons 

THE WORK OF THE FUEL RESEARCH BOARD 

After the outbreak of the War tlie work of investigators remained m abeyance 
or a time, until the urgency of the supply of fuel oil m particular, and of fuel 
onservation m general, brought the definite recognition by the Government in 1916 
hat some measure of State Aid should bo allorded m the solution of the many 
robloms which presented themselves m this connexion It was therefore decided 
y the Committee of the Privy Council for Scientific and Industrial Research in 
917, on the recommendation ot their Advisory Council, to establish a Board of 

17 
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Fuel Researcli, whioh should be responsible for the promotion and co-ordmaiion of 
research into fuel Sir Greorge Beilby, who had been responsible for much of the 
experimental work and inquiries leadmg up to the Fisher Report, was appomted 
Chairman of the Board and Diiector of Fuel Research The terms of reference of 
the Board were to investigate the nature, preparation and utilisation of fuel of 
all kmds, both in the laboratory and, when necessary, on an industrial scale ” After 
careful consideration of the whole fuel problem from the broadest point of view, 
the Board adopted as their immediate programme two Imcs of research, viz — 

(1) A survey and classification of the coal seams m the various mining districts 
by means of chemical and physical tests in the laboratory. 

(2) An rnvestigation of the practical problems which must be solved if any large 
proportion of the raw coal at present burned in its natural state is to be 
replaced by the various forms of fuel obtamablo from coal by carbonisation 
and gasification piocesses. 

It will be seen, therefore, that mider the second heading the problem of low 
temperature carbonisation naturally assumed a prominent place At the time the 
Fuel Research Board was formed the shoitage of fuel oil for naval and other purposes 
was reaching a maximum , and it was pomted out to the War Cabinet by the Board 
that, although theu schemes of investigation could have no possible effect in 
relieving the situation during the War, it was of paramount importance that this 
question of the supply of home-produced fuel oils for the Navy by the carbonisation 
of coal at present used m the raw state should be independently and exhaustively 
studied, in order that a definite decision as to the posMbility or impossibility of 
the proposals should once for all be arrived at ” 

The results of the work of the Board at li M Fuel Research Station at East 
Greenwich up to 1922 arc given in then Repoit for the years 1920-21, published 
in 1922,^ and a careful perusal of this document discloses the fact that, owing to 
economic changes which have come about as the result of the War, the solution 
of the problem has proved more difficult on the economic side than was anticipated 
Much progress has, however, been made, and accurate data on many doubtful 
pomts have become available to all serious investigators The Board affirm that 
much knowledge has been obtamed in the direction of a technical solution, that 
this solution is almost within reach, and that the elements of uncertainty still 
remaming are mamly economic and social 

^ Fuel Uesearch Board Report for tLo Years 1920, 1921 , Second Section. •'‘Low Temp©! a 
ture Carbonisation ” (H M Stationery Ofbee ) 
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STATE OP THE PROBLEM IN 1916 

The rapid development of low temperature carbonisation has undoubtedly been 
greatly hampered by the tendency of some of the earlier pioneers to attempt the 
climbmg of a long staircase at a smgle bound Hence, when m 1916 attention was 
iocussed on the problem through the shortage of fuel oil caused by the activities 
of German submarines, the whole subject was obscured by the many conflicting 
opinions and results obtained by the various groups of workers, whoso most praise- 
worthy enthusiasm in some cases greatly exceeded their discretion. The Fuel 
Research Boaid, however, were able to select certain, data ol unquestioned accuracy 
as a basis for tlie prosecution of their own experimental inquiries. ^ Tlicse items 
were — 

(1 ) “ The experience in Scotland for the i>ast fifty years of the shale oil industry 

This industry is founded on low tempera tuie carbonisation, and about three 
million tons of shale per annum are distilled at low temperatures ranging 
from 450° to 550° C for the production ol paraffin oils and wax 

(2) '' Tlie paialle] experience of tins indiistiy iii the carbonisation of bituminous 

coal for tlu) pioduction of fuel gas and othei pioducts 

(3) The publisbed records of tlie various steps in the development of Mr T 
Parkei’s pioposal for 1-lie production of a smokeless solid fuel for domestic 
purposes by the carbonisation ol bituminous coal in iron vertical retorts, 
of small cross-sootion, at a temperature of about 450° to 500° 0. Mr 
Parker’s (‘xperiences establislicd the soundness of his original contention 
tliat coke pioduced from bituinmoiis coal at a temperature not exceeding 
500° C , to which he gave the name of ^ Coalite,’ is an excellent and per- 
fectly smokeless fuel for domestic purposes As he had prepared it, 
however, it was rather too fragile to stand the rough handling involved m 
transport to the consumer Unfortunately, though large sums of money 
were expended on the testing and development of this method on a fairly 
extensive scale, success was not attained, and the problem of the establish- 
ment of a new carbonisation industry was still unsolved. The promoters 
of Ml Parker’s scheme appear to have then abandoned the use of metal 
retorts, and adopted firebrick ovens or retorts of the coke oven or gas 
retort type 

(4) First-hand knowledge of the experiments carried out m the Maryhill works 
of the Cassel Cyanide Company, Glasgow, on the carbonisation of bitu- 
minous coal at temperatures ranging from 450° to 600° 0. and on the 
briquetting of the coke so produced 

1 lUd,, p. 18. 



20 


LOW TEMPERATURE CARBONISATION 


(5) ‘‘ Some knowledge of the experimental work of Mr R. S Rickards on the 

carbonisation of bituminous coal at temperatures in the neighbourhood 
of 600® C. in an automatic machine designed by him 

(6) “ Reports on the working of the Tozer retort for the carbonisation of 

bituminous coal and the production of smokeless solid fuel for domestic 
purposes 

(7) First-hand information as to the experimental work of Mr Robert 
Maclaurm m Glasgow on the carbonisation of bituminous coal by the 
sensible heat of a large volume of highly heated gas passed over and 
through a mass of broken coal in a vertical column or shaft of the blast 
furnace type ” 

At a somewhat later date official reports were available on two systems of 
carbonisation for the production of fuel oil which had been experimented with by 
the aid of Government subsidies These were — 

(1) A retort of the Chiswick type which had been erected at the Nottingham 
Gasworks for the carbonisation of cannel coal 

(2) The Barnsley ’’ firebrick retorts, which had been subsidised by the Depart- 
ment of Explosives Supply with a view to the production of benzene and 
toluene These retorts were subsequently abandoned and replaced by the 
setting described on page 206 

FURTHER ADVANCES SINCE 1916 

From the foregoing, useful generalisations may be diawn, many of which have 
now been definitely and finally confirmed as the result of the work of the Fuel 
Research Board Of these, the selection of suitable coals appears to be by far the 
most important Parker’s original iron lotort possessed many excellent features, but 
broke down through the use of unsuitable coal, and an excessive heat gradient 
from the furnace or oven inwards The importance of the rich gas as one of the 
most desirable assets of low temperature carbonisation has only been recognised 
comparatively lately , and, whatever were the other defects possessed by the Parker 
metal retorts, they were at any rate perfectly gastight, a feature which long 
experience in the Scottish shale oil industry has shown to be unshared by any type 
of firebrick retorts worked under tempeiature conditions corresponding to those 
necessary for the production of smokeless fuel and oil 

The preparation of the coal for carbonisation has also been shown by the Fool 
Research Board to be of immense importance in the production of a robust coke. 
The material, which even in a smgle coal consists of bands of varying fusibility, 
must be broken down and intimately mixed, so that the properties of the more 
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tusible portions shall be utilised to bind together the less fusible particles , and, 
if the coal is deficient m either of these two constituents, the correct proportion 
must be ensured in some way, usually by blending in suitable proportions with 
mother coal possessing the properties in a high degiee winch are deficient m the 
irst. 

The question of drying the coal is also of some importance. The operation of 
trying is much simpler than that of carbonisation , and it is obviously uneconomical 
3oth m capital and heat to use an expensive rotoxb for an operation which can be 
lerfoimed much more cheaply in an apparatus especially designed for the purpose 

Another important reason for tlic failure of some of tlie earlier processes lay in 
lie tendency of the inventor to attempt too much in the elloit to produce an 
apparatus of universal application to shales, canncls and coals Such investigators 
vould have been well advised to select one material for experiment, and to con- 
inue work upon that material until success had been attained On the contrary, 
Lowever, retorts were erected which, long before they had proved themselves m 
my direction, were provided from day to day with coals of widely differing cliaracter- 
•itics Under such conditions no retort, however excellent, had a leasouablo chance 
if being perfected, and the resulte obtained, aUhough imposing, possess little value 
0 the discerning mind 

As a result of the experimental work of the Board, it is to bo hojied that the 
ime has gone by when the costly mistakes which have been made in the past will 
e repeated Althougli it cannot be claimed that complete success has been 
chieved, data of unquestionable accuracy are at least now available for all serious 
rvestigators working on the diJlficult problem of low temperature carbonisation 
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THE AIMS OF LOW TEMPERATURE CARBONISATION 
THE IMPORTANCE OP COAL 

The importance of coal as one of tPe chief sources of our national wealth cannot 
be disputed , nor, in the face of our dwindling supplies and the mcreasmg difficulty 
of winning these supplies, can it be said that too much attention is being paid to 
the problem of the scientific utilisation of our coal reserves In the past, fuel has 
been used by man in ever-mcreasing quantities , but m most parts of the world 
the supply has been so plentiful compared with the requirements that there has 
been little inducement until recently to study the most economical methods of its 
use The conception, at one time of popular acceptance, that coal is a fuel which 
will mamly be consumed in the raw state, is at length 'being replaced by the correct 
and scientific view that coal is a commodity which should be made to yield other 
fuels of higher availability,” and from which valuable by-products as well as fuel 
should be obtamed Although scientifically the burning of “ raw ” coal in boileis 
and furnaces for the production of heat and power must be deprecated, it must 
also be recognised that no adequate substitute is yet forthcoming Water power 
on a large scale is unobtamablemthis country , and, while it is to be expected that 
an increasing and extended use will be made of oil fuels, this country is entirely 
dependent upon imported supplies The present demand for oil fuel is already 
beginning to encroach seriously upon the estimated oil reserves of the world, and 
unless ox until vast fresh oil fields are located, or new sources of supply found, there 
IS no possibility of the supplanting of coal by oil as the mam source of our powei 
s'^PPly for gaseous fuel, the total substitution of gas for the raw coal at present 
consumed in producing heat and power introduces problems which for various 
reasons are not easy of solution In any case, the extension in the use of both oil 
and gaseous fuels leaves untouched the pressing problem of the supply of a satis- 
factory fuel which can be burnt m the already existing domestic grates witlioiii 
involving much, if any, cost on account of their structural alteration. 


THE CARBONISATION OF COAL 

It IS well known that the carbonisation of coal, i e. the heat treatment without 
access of air, yields solid, liquid and gaseous products — solid fuel in the form of 
coke, liquid fuel such as motor spirit, fuel oil, lubricants, etc , gaseous fuel suitable 
for lighting, power and heating purposes, together with other products which may 
be used in the prepaiation of fertilisers, explosives, disinfectants, or which form 
the basis of the artificial dye industry This treatment of coal is not only desirable 
m order to increase the “ availability ” of the potential thermal units in the coa 1 

22 
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— a term which will be liirther explained in the next chapter — ^but also to recover 
valuable by-products such as sulphate of ammonia^ etc., which are not fuels 

The carbonisation of coal is much more complex than is the distillation of a 
simple liquid mixtiue In the latter case distillation may be earned out m stages, 
and the resulting fractions can in general be readily sepaiated In other words, 
the distillation process is purely a physical phenomenon In the case of coal, how- 
ever, chemical reactions may proceed simultaneously with physical modifications 
as the temperature ol the material is increased, and dillerent products may be 
evolved, the separation of which is a tedious and costly proceeding Further, the 
final form of existence of the products yielded by the carbonisation of coal is 
influenced by consideiations other than ilie (.emperature employed Not only is 
the raw material itseli a variable facLoi, but the conditions under which the process 
IB carried out also allect considerably the final products of distillation 

There are no definite linos of deinai cation between fhc various methods whereby 
coal can be carbonised, and the tempeiatuies employed merge gradually in dilTerent 
types ol plants fiom high, medium to low Again, it may be found that a process 
of carbonisation, first at low temperatures and altei wards at high temperatui’es, 
may in certain cases give lesults of economic value The process of liquefying 
ccitain coals by hydiogenation undei pressure, into which considerable rcsearcli is 
being made at the piesent time, also points out a method of treating coal which 
may possibly in llie futiiie prove a iival to those processes at present practised 
No attempt will bo made here to adjudicate upon the controversies between the 
advocates of the different methods of carbonising coal, each of whom would naturally 
like to sec the process lu which he is interested become of universal application. 
There is, however, ample room in industry for a variety of processes, since the 
distillation of coal yields a large number of products, and it must be recognised 
that the maximum quantity and the highest quality of each cannot be obtained 
simultaneously. Thus the mam desideratum of high temperature distillation in gas 
retorts or by chamber carbonisation is a maximum yield of gas of the '' declared ” 
calorific value, and the recovery of coke, tar, etc., must be termed of secondary 
importance, although the financial results fi'om the sale of these by-products play 
an important parli in making the process successful commercially In the by-product 
ovens of the Koppers or Semet-Soivay type, gas and tar are in effect by-products, 
and a maximum yield of hard metallurgical coke is of primary importance In 
producer gas plants a supply of gas for power purposes — ^not necessarily of high 
calorific value — ^is desired. The mam desiderata of low temperature carbonisation 
are, however — 

(1) The production of smokeless fuel suitable for domestic and other purposes. 

(2) The maximum production of oil of low specific gravity. 

(3) The maximum production of gas of high calorific value. 
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The amount of mcondensable gas which is obtained in low temperature carbon- 
isation is comparatively small, but as the gas possesses special properties and has 
a high calorific value, its sale will have an important bearmg on the financial success 
of the process. 

The volatile content of the coke varies from 8 per cent to 10 per cent agamst 
a volatile content of 0 1 per cent to 4 per cent for high temperature coke Low 
temperature coke can be easily ignited, and can be used in open fire-places as at 
present constructed. 

SMOKE POLLUTION 

The wasteful practice of burnmg raw coal m furnaces and domestic hearths not 
only represents a direct national loss through the non-recovery of valuable by- 
products from the coal, but is the chief cause of the smoke nuisance of large cities 
and manufacturmg centres The pall of smoke which hangs over all industrial 

TABLE I 

Death Rate and Causes oe Death in London in Novembek, 1922 


Death Bate Cause of Death in London 


Week Ending 

London 

England 
and Wales 

Bronchitis & 
Pneumonia 

Heart 

Diseases 

Other 

Diseases 

Nov. 11, 1922 

12 5 

12 6 

208 

198 

C77 

„ 18 

13 3 

12 9 

257 

219 

679 

„ 25 

14 3 

12 6 

326 

265 

689 

Dec. 2 

13-0 

12 6 

268 

181 

680 


towns on a calm day is a sufficient indication of the attendant evils. At these 
great centres, where large numbers of people must necessarily reside, public health 
and plant life not only suSer from the ensumg pollution of the atmosphere, but also 
from the reduction of the hours of available sunshine Thus the figures m Table I 
are significant when it is remembered that, early in November, 1922, London was 
visited by a severe fog. It will be seen from the table that, whereas the death-rate 
over the country remamed approximately constant throughout the month, that m 
London was considerably increased, due chiefly to deaths from bronchitis and 
pneumouia. Other factors must of course be taken into consideration ; but that 
smoke pollution is a contributory cause to general ill-hcalth appears to be clearly 
indicated not only from this table, but from other statistics bearing on this 
particular subject ‘ 

Pegs not only aflcct adversely the health of the people, but cause vexatious 
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delays m traffic and loss of time and temper, while involving great expenditure on 
artificial illumination. Furthermore, public buildings and monuments are dis- 
coloured and damaged by the soot and acid of the smoko. Even in fche average 
household the additional expense of the smoke nuisance is appreciable An mvesti- 
gation was made in 1918 to ascertain the comparative cost of household washing 
in Manchester and Harrogate. It was found that the extra cost in Manchester for 
fuel and washing material, attribulable to the smoky atmosphere, was equivalent 
to about 7Jd per week per household H is computed that the total yearly loss 
for Manchester and Salford is nearly half a million sterling ^ The baneful efiects of 
smoko in cities are fully dimcnbcd in Lhe Final Report of the Committee on Smoke 
and Noxious Vapours.^ 

Smoke is emitted to the atmosphere m the mam from two offenders — ^the 
industrial and the domestic chimney Their relative culpability differs in various 
localities, and the remedy m each case is not the same. The employment of 
mechanical stoking and careful hand stoking has, in the case of industrial plants, 
done much to render possible that constancy of fuel supply to boiler furnaces which 
prevent-s the formation of smoke , while the lugher temperature of a well-regulated 
furnace over that of a domestic fire tends to make any resultmg smoke less obnoxious 
and injurious It is generally agieed that, at least in many cities, the domestic 
chimney is iJic chief offender as rcgaids the smoke nuisance 

Little can be done locally to reduce the smoke nuisance from the domestic 
chimney. Sir Napier Shaw,^ the Chairman of the Advisory Committee on Atmo- 
spheric Pollution, has suggested that a reduction in rateable value should be made 
for a smokeless house Moieover, in a large number of the houses now being built 
in various parts of the country provision is made for only one coal fire per house — 
that IS, one in the main living-room It should be further noted that in the recently 
published report of the Public Control Committee of the London County Council 
the Committee express the opinion that the time has arrived when the use of the 
old-fashioned kitchener might well cease , not only because it is inefficient, but also 
because it must bo held responsible for a very large proportion of smoke arising 
from domestic chimneys ^ 

Suggestions of this description are, however, not always immediately practical, 
and m any case arc only palliatives The smoke nuisance problem must be exammed 
from the broad national standpoint, and its solution will be hastened if it is found 
possible to obtain an adequate supply of smokeless fuel suitable for domestic 
purposes Undoubtedly the burning of smoky coal for domestic purposes cannot 

^ Thomson, W Manclmici Guardian, 22nd ^February, 1022 

2 Ministry of Iloalth Committeo on Smoke and Noxious Vapours Abatomont , Final Report. 
(II.M Stationery Office ) 

3 Shaw, Sir Napier, F R S Times, 23rd August, 1921 

^ London County Council Report of Public Control Committee, 3rd July, 1923. 
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well be prohibited by legislation until a recognised valuable and economic substitute 
for raw coal is upon the market in suflcient quantities 

SMOKELESS EUEL 

The use of gas for cooking purposes is diverting a certain proportion of coal 
from ike domestic fire-place, but neither gas nor electricity seems likely to become 
universal for heating purposes in households. Although the efficiency of a domestic 
&e-place as a heating agency for rooms is low, it must be recognised that factors 
other than thermal efficiency render it improbable that open fire-places will be 
superseded at an early date The average Englishman likes to see a cheerful fire 
in his livmg-rooms, and this cherished desire is proof against such scientific details 
as lack of efficiency, etc Although national sentiment m favour of open fire-places 
IS not likely to be changed in the near future, many of the drawbacks of the present 
system would be reduced by the substitution of a good smokeless fuel for the soft 
bituminous coals now used There is theiefore ample scope for the development 
of suitable processes for the carbonisation of coal at low temperatures, and it is 
reasonable to expect that commercial success will eventually be attained. 

The requirements of a good smokeless fuel in this country may be thus briefly 
summarised — 

'(1) It; must have been previously treated for the recovery of valuable by- 
products from the raw fuel and so rendeied smokeless 

(2) It must contain sufficient volatile matter — say 7 per cent to 10 per cent — 
or be of such a structure as to be easily kindled and kept alight in open flre- 
placeKS as at present constructed, i e it should require very little draught 
for combustion 

(3) It must have a relatively low ash content , pau'tly to prevent an undue 
reduction in its calorific value, and partly to reduce the dusi- lesiiltant upon 
combustion when burned m household fires, and to leducc clinkering tioubles 
when burned in boiler furnaces 

(4) It must not be so friable as to break easily during handling and tiansport 

(5) It must be compact, but not of such a structure that the ash formed during 
combustion covers the surface of the fuel m such a manner as to hinder 
combustion or to mask radiation 

(0) Its price must be sufficiently low so that when the other advantages are 
taken into account it will attract purchasers away from bituminous coals 
If the coke be sold in the form of briquettes, the advantages of uniformity 
and coherence should be taken into account when considenng the economic 
value of the briquettes 



AIMS OF LOW TEMPERATURE CARBONISATION 27 


OIL FUELS 

According to Lloyd's Register , tlie s s Bahmn was fitted for burning oil fuel 
ui 1892, and was in all probability the first oil-biirning steamer engaged in con- 
tinuous sea service Since that time engineers have watched with interest the great 
developments which have taken place m Lhe substitution of oil for coal in ocean- 
going vessels. During the past filteen years the gradual replacement of coal by 01 ] 
has been going on m the Navy, and at the present time almost complete substitution 
has been eflected. 

In the Mercantile Marine developments have been less rapid, owing to the fact 
that m this service overall economy in working must necessarily be a consideration 
of gi'cater ru’gency than m the Navy, where the efliciency of a ship as a fighting 
unit IS of the first importance It is, however, worthy of note that m the “ Report 
of Lloyd's Register of Slapf^ng lor the Year 1922-3 ’’ it is stated that vessels 
to the number of 123, rcpiesentmg 782,830 gross tons, or 48 4 per cent of the total 
tonnage of new vessels classed during the year under review, were fitted for bui’nmg 
oil juel ” At the same time it should bo mentioneil tliat the Society’s Report 
points out iJiat it docs not necessaiiJy follow that all such vessels are at piescnt 
using oil Again, since July, 1914, the tonnage of vessels fitted for burning oil fuel 
on Lloyd's Regtsiei had increased almost twelvefold by July, 1923, and vessels 
fitted with oil engines had increased from 297 (234,287 gross tons) to 1,831 (1,668,414 
gloss tons) in the same time 

Even bcfoic the great Euiopean War the question of the home supplies of oil 
fuel lor the Navy and Mercantile Marine had been given anxious consideration by 
those in authority The subject was first exhaustively examined by Lord Fisher’s 
Commission during 1912-13, while emergency inquiries were conducted during the 
War with the same object. None of these later inquiries added materially fco the 
information which had been collected and verified by the Fisher Commission, whose 
mam arguments are as true to-day as they were m 1912 , while, as we have just 
shown, the ui’gency of the problem has been greatly intensified. 

The importance of this matter was demonstrated most forcibly durmg the War, 
for it IS generally known that the reserves of oil in this country were on occasion 
dangerously low. The only practicable steps to relieve this shortage from home 
sources that could then be taken were to develop the Scottish shale industry to 
the utmost, and to divert for Admiralty use as much as possible of the heavy oil 
produced by the existing carbonising plants The augmented supply of fuel oil 
from these sources was, however, very small relative to the war demands of the 
Fighting Services. Although the requirements of the Navy have now been reduced 
to pre-War standard, or even below it, the increase in the use of oil in merchant 
vessels makes the question one of rapidly increasing importance from the national 



28 


. LOW TEMPERATURE CARBONISATION 


point of view. It is true that the period of scarcity and high prices has passed for 
the present, but the fact still remains that this country is dependent upon overseas 
supplies for all fuel oil required. The amount of fuel oil that can be obtained by 
the carbonisation of coal at the high temperatures employed in ordinary gasworks 
or coke ovens is comparatively small, even apart from the fact that there is already 
a regular outlet for the products ordinarily obtained by these processes There 
remams, however, the possibility of employing some process of carbonisation at 
low temperatures, and the position thereby created is summarised m the Eej)ort 
of the Fuel Research Board for the years 1918-19,^ as follows — 

“ If bituminous coal is to become an important source of home supplies of 
fuel oil for the Navy and Mercantile Marine, tens of millions of tons per annum 
of coal, which is at present burned in the raw state, would need to be subjected 
to a preliminary process of carbonisation, and thereby split up into gaseous, 
liquid and solid fuels, which collectively would be used to replace this raw coal 
for the purposes for which it is at present consumed ” 

It must be recognised that the value of the oils obtamed by low temperature 
carbonisation will be dependent for many years to come on the competitive piice 
of the petroleum obtained from the oilfields of the world. This value will rise and 
fall for reasons outside the control of those in charge of low temperature processes, 
and may possibly fluctuate independently of the markets for the other commodities 
Until the industry has become stabilised, therefore, optimistic monetary values of 
low temperature oil should be accepted with caution. 

LOW TEMPERATURE GAS 

In the early attempts to work low temperature processes the gas obtained was 
used to supply the heat required for the retorts. It must be said in passmg that, 
owing in some cases to loss of gas through the use of unsuitable retort materials, 
the heat so obtamed was insufficient for the purpose, and extra soiuccs of heat had 
to be supplied The passmg of the Gas Regulation Act of 1920, whereby gas com- 
panies are empowered to charge fox gas by calorific value instead of by volume, 
has, however, placed a new value upon the gas obtainable by low temperature 
carbonisation This gas, being very liigb in calorific value if uncontaminated by 
the heating medium, would be exceedmgly useful as an enriching agent for 
increasing the calorific value of low grade gas, and is therefore of direct interest 
to the gas companies It is almost certain that improved economic results will 
be obtamed by the use of producer gas oi low calorific value as the heating 
agent for the low temperatuin retorts and the sale of the rich gas obtained by the 

^ Fuel Reaeaicli Board Report foi the Years 1918, 1919 (H M Stationeiy Office ) 
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process This, as was first pointed out by Sir George BeilKj?^;^ *may form 
connecting Imk between the gas-making industry and the establishtnept^ ofi - 

new process, and the gas may become one of the most valuable and least speculative 
of the assets of low temperature carbonisation. 

EIVALEY BETWEEN OAEBONISING SYSTEMS 

It IS perhaps not difficult to appreciaio the want of enthusiasm which has in 
the past been shown by gas engineers towards the process of low temperature 
carbonisation. Not only are the piocesses of high and low temperature carbonisa- 
tion very distinct, but m the former case wo have an industry which is, after years 
of expciiencc and development, well established, m which many millions of pounds 
have been invested, in which trust worthy data relating to processes are published 
m numerous technical papers, and in which tire values of the products of caibonisa- 
tion are well known and where these products are widely utilised in industry and 
in the homo In the latter case wo liave an mdustiy, oi a possible industry, which 
has not yet been placed upon a stable financial basis, m which ihere has not until 
lately been available any independently establislied data, in which much research 
work has yet to be undertaken, and in winch markets must be created for the 
products of caibonisation 

The iivaliy between the advocates of each system of coal carbonisation is com- 
mercial rather than scientific Each system may supply a want which the other 
cannot satisfy, and one cannot theiefoic midcr present conditions displace the 
other. Uniformii.y of treatment of all our coal supplies by any one process could 
only be possible if all coal were alike and there were no demand for the products 
of other processes The question of the relative efficiency of difleient processes, 
though interesting from a scientific standpoint, is therefore not of jiiimary 
importance 


DIEFICULTIES IN THE ESTABLISHMENT OF LOW 
TEMPEEATUEE CAEBONISATION 

It IS unnecessary to enlarge upon the great possibilities of the products of low 
temperature carbonisation These have already been put forward in recent years, 
with perhaps more than justice, in the statements which have been made by sangume 
inventors, and in the prospectuses of companies which have been floated to develop 
one or other patented process. It has been truly said that the advantages of low 
temperature carbonisation are too obvious Many of the excellent results obtained 
from materials in the laboratory are unquestioned, but before the same results can 

^ Fuel Research Board Report for the Years 1920, 1921 , Second Section . **Low Temperature 
Carbonisation ” (H.M. Stationeiy Office.) 
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be produced by a plant on a commercial scale many tecbnical problems have to 
be solved and much large-scale experimental work undertaken. The necessity for 
technical investigation and control cannot be overestimated, and it will be found 
in this, as in so many other manufacturing enterprises, that favourable results are 
largely influenced by the many small economies and modifications of working 
determined by careful supervision The probability of the commercial success of 
any low temperature process and its capability of general application cannot, indeed, 
be determined until after full-scale plants have been in operation for considerable 
periods. 

The process of coal carbonisation itself is most complicated, and the problem 
IS rendered still more complex by the wide difierences which exist between difierent 
coals and even sometunes between samples of coal taken from the same seam 
Proximate and complete analyses, though useful, are not complete indications of 
the behaviour of coal in all types of retort, and microscopical research work has 
not yet been fully co-ordinated with the results of actual expeiience In order to 
assess any low temperature process commercially, not only have the kind of material 
treated and the products of distillation to be considered, but also the methods of 
operating the plant and the mechanical details of the retort Although much work 
has been done to establish the broad underlying physical and chemical pimciples 
governing low temperature carbonisation, a moio detailed amplification of these 
pimciples to suit local conditions has still to be determined 

Broadly spcalang, the establishment of low temperature carbonisation as a 
commercial possibility is dependent upon four important factors, viz *— 

(1) There musL be ample supplies of the raw matenal 

(2) The plant must be such as will have a leasonable life, and it must be under 
the control of an experienced and scientific stall 

(3) The products of distillation must be in a maiketable form, citliei for the 
direct use of consume! s, or as the raw matenal in otiici indiLstries 

(4) The commercial value of the products after retorting must admit of a reason- 
able margin of profit after meeting the woiking costs and manufacturing 
expenses, mcliidmg the depreciation and renewal of the plant 


THE ESTABLISHMENT OF MARKETS FOR LOW 
TEMPERATURE PRODUCTS 

While the four factors given above will be discussed in greater detail, theie is 
one aspect of the third which might conveniently be enlarged upon at tins stage, 
VIZ that there does not at present exist a demand for tlie special products of low 
temperature carbonisation. A market there assuredly is lor coke, oil and gas 
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obtained by low temperature carbonisation , but it is a market m wliicb the specia 
properties of these products receive little, if any, commercial recognition For 
example, there has been sufficient low temperature coke distributed and sold within 
recent years for its admirable properties as a domestic fuel to bo widely recognised. 
There is, however, as yet no great demand amongst householders for this fuel m 
preference to raw coal , and, if it were produced on a largo scale, the degree to 
which its superiority over raw coal would be reflected in the price which consumers 
would be wiUmg to pay is unknown. 

Low temperature oil and low temperature gas are in tlic same category, although 
not to the same degiee It will be lound later that the economic stabilisation of 
low temperatme carbonisation is largely dependent upon the esi-ablishment of 
markets for the gas, coke and oil, in which there is a commercial recognition of the 
special propeitics of the products obtained by the process. Until a full-scale plant 
has been running for some considerable time and has been disposing of its products 
in a ficc market, any enhanced estimates of the value of those products must be 
accepted with caution 



CHAPTER III 


THE FUEL PROBLEM 

ASPECTS OF THE FUEL PROBLEM 

The fuel problem may be stated m many diverse ways It may be that, m the 
first place, it is desired to draw attention to the world’s diminishing supplies of the 
known fuels, to the mcreasmg difSculties m obtammg those supplies and to the 
correspondmg necessity for utfiismg them economically and efficiently , it may be 
that, m the second place, it is desired to urge the necessity of research for additional 
or alternative supplies of fuel , or it may he that, in the third place, it is desired 
to study the methods whereby householders and manufactuicrs may obtain lieat 
and power from fuel in the most convenient form for then’ immediate needs 
Many papers have already been written on the first statement of the problem, 
and it IS only necessary here to recapitulate some of the iiiaiii facts The second 
statement of the pioblem falls outside the scope of this volume, but it is desirable 
to discuss fully aspects of the thnd statement of the problem with particular 
reference to the process of low temperature carbonisation 


COAL 

In regard to the first statement of the problem, it is lecognised that coal is tlio 
most miportant source of the woild’s fuel supply The amount, oJ tlio woild’s coed 
reserves is, however, a very hypothetical figure At the Woi Id’s Geological Congi <-hs 
held in 1913, these reserves were estimated to be about 7 4 million million tons 
Of the total, the reserves of the United States were estimated to bo about 53 jwu' 
cent, of Canada about 17 per cent, of Chma about 13 J pci cent,, ol Germany abouf, 
5f per cent, and of Gieat Britain only about 2J per cent It is not necessary licit' 
to discuss the validity of these figiues, or the probable leiigt.h of time leqnued to 
exhaust these stores, though it should be noticed m passing t,hat the vtuioiiH 
estimates made by expeits agree that this period of tune niiist be measured in 
hundreds of years only A more important matter from the point, of view of tliw 
country is the comparison of the coal supplies of Great Biitam witJi t.liose of l.er 
nearest trade rivals One of the reasons for the great inciease in the prospi'ritv of 
Great Britain dmmg the past century was the plentiful supply of good and cheai) 
coal This enabled manufacturers to keep down tlie costs ot pioduction and gave 
them opportumties of competing successfully m tlic world’s maikets. It, is new 
a^eed, however, that, at the present rates of consumption, the reserves of Gioui 
am will be exhausted long before those of America and Geimaiiy Alt,hmigli 

resources 

mmt mcrease, so that it may be only within a few generations that, our coal exports 
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will dimmisli to a negligible quantity, and our mduBtues will be penaliBed by paying 
more for tbcir coal supplies than do the industries of tbeir foreign rivals. It is the 
price of coal, and not the quantity of the reserves, which governs the commercial 
utility of our national coal resources Though the reserves in Great Britain are 
not likely to be exhausted for many years, the present generation must be con- 
Bidcred the guardians of the geological heritage it has received 

The world’s production of coal at present is of the order of twelve hundred 
million metric tons Table II gives the amounts produced in various countries for 
tlie years 1919, 1920 and 1921, and also the infoimation received by the United 
States Geological Survey up to Marcli, 1923, on tlic world’s coal production in 1922 
The production of certain countries for 1922 is not given, but the total of the 
missing data ordinarily amounts to 4 per cent only of the aggregate The estimated 
total for 1922 given m Table II is not likely, therefore, to be very different from the 
actual piodiiction The unit used is the metric ton of 2,205 Ib , the approximate 
equivalent of the long or gross ton 


TABLE 11 


EkStimate op the World’s Peobuction of Coal in the Calenbae Yeaes 1919, 

1920, 1921, \ND 1922 


Couutiy 

1019 

1920. 

1921 

1922 

A usiralia 

10,730,321 

13,170,426 

13,073,846 

* 

Belgium 

18,183,880 

22,388,770 

21,807,160 

21,234,170 

British India- 

22,991,217 

17,350,889 

19,511,164 

19,000,000 

laiiada 

12,411,328 

15,088,175 

13,655,402 

12,890,468 

Jhina 

18,292,252 

19,484,890 

* 


Izocho-Slovakia 

20,940,813 

31,080,479 

32,699,111 

29,000,000 

L^hauco 

22,341,000 

25,300,000 

28,970,495 

32,000,000 

lermany' - Coal 

1-110,707,200 

(140,767,433 

(145,010,000 

(-130,905,000 

„ Lignite 

93,045,500 

111,634,000 

123,011,000 

137,207,000 

raj)an 

32,703,338 

30,819,898 

26,000,000 

25,000,000 

Jmon of S Africa 

9,313,232 

10,408,497 

10,331,886 

10,000,000 

Jnited Kingdom 

233,407,478 

233,210,071 

166,922,000 

255,892,000 

Jmted States 

502,534,410 

597,168,000 

459,402,000 

417,000,000 

)ther Countries 

46,553,805 

49,008,527 




1,168,000,000 

1,317,000,000 

1,133,600,0' 



^ Esfcimato lacludocl m total t Includes Saar and Upper Silesia. 

Of the major coal-producing nations. Great Britain and France are therefore 
he only ones to show an increase for 1922 over 1921. The proportion contributed 
c 


■ 
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by the United States was about 35 per cent of the total, and the reduction in output 
during the years 1920-2 is very marked. The proportion contributed by the 
United Kingdom le just over 20 per cent of the total, a great increase over that 
of the preceding year ; but the drop in the production for 1921 must be attributed 
to some extent to the coal strike of that year. 

The proportion contributed by Germany, including the output of lignite, is just 
over 22 per cent of the total. Accordmg to the Eeport of the Reich Coal Council, 
the German production of coal for 1922, exclusive of the Saar district, amounted 
to 129,964,000 tons, which is about 4| per cent less than that for the previous year, 
and about 31*6 per cent less than that for the year 1913. On the other hand, the 
production of lignite for 1922 was 137,207,000 tons, bemg 11-4 per cent more than 
that for 1921, and about 57-5 per cent more than that for 1913. These figures 
confirm those given by the United States Geological Survey. 


LIGNITE, SHALE AND PEAT 

Other potential sources of the world’s fuel supplies are the brown coals, lignites, 
shale and peat. Extensive beds of brown coal occur m Germany, Central Europe, 
Victoria and Canada, but only to a very limited extent in England In Germany 
the use of brown coal has been greatly developed in recent years. Since lignite, 
where available, is at the present time the cheapest source of thermal units, 
Germany’s example is being followed by other countries The importance which 
brown coal is likely to attain in future has been very clearly shown by Sir Geoige 
Beilby,^ and need not be recapitulated. 

In the British Isles the second in order of importance as regards our fuel supplies 
are the oil shale deposits and the peat bogs. At present no commercial method has 
been developed to deal with the large percentage of sulphur unfortunately associated 
with some of the larger shale deposits which so seriously diminishes the usefulness 
and value of the oil products. In America and other countiics, however, the 
problems connected with the utilisation of the vast deposits of oil shale are in some 
lespects different to those iii Great Britain Neither m Gieat Britain nor abroad, 
however, have these problems yet been satisfactorily solved. 

The problems connected with the winning and drying of peat have also received 
much attention, but those arising from work on a large commercial scale are still 
unsolved. Peat blocks lend themselves admirably to carbonisation at low tempera- 
tures, but it IS impossible for developments to occur in this direction until the 
prior problems of winning and drying have been satisfactorily dealt with. It is 
clear, for example, that before peat can be said to possess any economic value, 

^ Beilby, Sir George. Fuel Problems of the Future, Inst, of Civil Engmeeis James Foriest 
Lectuie, 1921. 
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machinery must be employed on a large scale for its winning and preparation. The 
drawback to the development and use of machinery for peat production is that, so 
far, the cost of production is more than the commercial value of the product, at 
least in localities where coal is within reasonable distance. 


OIL 

Of the world’s alternative sources of fuel, oil is at present next in impoitance to 
coal. Of the output for 1920 of about 97 million tons of oil, the United States 
produced 64 8 pei cent, and Mexico 23*3 per cent. The supply of natural oil in 
this country is practically negligible, although m times of peace, at all events, 
British interests in Eastern oil fields mitigate this disadvantage to some extent. 

Estimates of the oil left m the oil fields of the United States indicate that they 
will last barely twenty years at the present rate of consumption. Probably, how- 
ever, the production will be spread over a much longer period, though in later 
years it may be at a declining rate. There is therefore serious, though not immediate, 
concern for the future of the oil supplies from the United States oil wells It is 
estimated that there still remain enormous reserves in Mexico and other countries , 
though in some quarteis the fear is expressed that Mexico’s present j^henomenal 
production may not much longer be continued 

The potential oil supplies to be obtained by tlie treatment of coal at low tem- 
peratures will be discussed in this volume, though no attempt will be made to 
consider the broader problem, viz. the heat treatment of all carbonaceous materials 
Enough IS known from laboratory experiments to justify the hope that, from these 
sources alone, it may be possible to draw a plentiful supply of oil to meet the world’s 
needs for many centuries to come. Although full-scale experiments have not been 
equally successful, it is believed that the knowledge and experience gained during 
recent years will shortly make it possible to establish an industry on sound com- 
mercial lines whereby both oil and smokeless fuel supplies will be obtained m bulk, 
either from material which is at present consumed in a raw state, or, m a more 
limited number of cases, from the so-called waste fuels ” 


ALCOHOL 

As an alternative motor fuel to oil, alcohol may become o£ increasing importance. 
Crude oil has, however, an advantage over alcohol, inasmuch as it yields both 
lubricating oil and fuel oil. Alcohol, even if produced at a cheap enough rate, 
cannoi therefore wholly supersede crude oil for industrial pmposes. The problems 
connected with the available sources of supply and the manufacture of alcohol, its 
suitability for use in internal combustion engines and its denaturmg for industrial 
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purposes, are discussed in. the Memoranda on Fueljor Motor Transport,^ published 
by the Fuel Research Board in July, 1920, and December, 1921. The investigations 
as to the possibilities of producing alcohol within the British Empire are still in 
progress 

THE UTILISATION OF THE HEAT OF COAL 

The consideration of the economical use of our fuel supplies leads to a discussion 
of the third statement of the fuel problem, 1 e. the methods whereby householders 
and manufacturers may obtain heat and power in the most convenient form for 
their own immediate needs. Fuel is not an end in itself, but merely a means to 
an end. The householder requires heat for the preparation of his food, and for 
the mamtenance of those equable conditions of his dwellmg, upon which the health 
and comfort of the inmates depend. To a minor extent he would often like also a 
small amoimt of heat energy as power, in order to be able to mstal labour-saving 
devices m the home. On the other hand, the manufacturer only requires heat to 
a minor degree for the maintenance of an equable temperature in his factoiies. 
To a much greater extent he desires to have heat energy to supply his motive power 
and to drive his machines, or to initiate or produce some chemical change m the 
raw materials of his manufacturing processes Occasionally he may wish to store 
potential energy which can be conveniently utilised at another spot, as, for example, 
by the pumping of water or by the manufacture of calcium carbide. 

In the great majority of cases m which heat is utilised, however, the process 
eventually involves the complete loss to mankind of all the heat supplied. For 
example, in the case of a steamer crossing the ocean, fuel is burnt and transformed 
into work through the media of the boilers and engines. This work is used to drive 
the ship against the resistance of wmd and water In the process eddy cm rents 
and waves are set up, and when these finally die away fche whole of the heat from 
the fuel has gone to raise infinitesimally the temperature of tlie surrounding sea 
and air. 

Fuel is the chief, although not tlie only source of the energy of our modern 
mdustnal life. For convenience to hoiiseliolder and maiuifactiiier, it may be 
desirable to transform tbe heat energy of coal into other foims of potential energy, 
as, for example, into gas and electricity for heat, power and light, etc. In 
any case, both the acquirement of the fuel and the transformation of its heat 
energy into the desired form are accompanied hy losses which are occasionally 
many times that of the heat finally stoied or utilised. The third aspect of the fuel 
problem is therefore concerned with methods of obtaining energy in some particular 
foim at a definite spot with the least amount of loss. 

^ l^’uel Kosearch Board intenm Meonomndum on Fuel for Motor Ttansj^ort, 
r'uel Resoarcli Board. Seco7id Memorandum on Fud for Motor Tmns'pmf (HM. Stationery 
Office ) 
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AVAILABILITY OF HEAT 

Sir George Beilby lias used tlie term availability oX boat ’’ in (ioioioxion with 
this aspect of the question. One fuel is then said to be of higher availability tlian 
another for a particular process when its heat can be used more conveniently oi 
efficiently for that purpose In all processes of fuel produciiion and preparation it is 
desired to increase the availability of the heat, and thereby increaso also tlio vahui ol 
the fuel for special purposes Coal in its native state underground cannol b(^ used an 
industry until it has been won and raised to the surface ^J’lie processes (»f winning 
and raising increase, therefore, tlie heat availabihfy The coai may tlum be waslu^d. 
Washing may make possible the more efficiimt use of the potential heat, of t.ln^ 
coal, and so may increase the availability of the Jieat energy of tlie fuel, which is 
then further increased (from the consumer’s point of view) by x(.s transj)ort.a(.ion to 
the user by rail oi sea. The object of submitting coal to on<^ of the ptocu^ssi^s of 
carbonisation is to raise further the availabilif.y of the heat units fn tlu* form 
of gas or oil these units have a much gi eater degK'c of availability, remh'iing tli(‘m 
more valuable to the fuel consume!, and enabling them to conunand a higher pru'c 
than an equal number of heat units m that fuel iii any of ii.s original states 

THE INCREASE IN HEAT AVAILABILITY 

All processes for laising the availability of heat* are accompanied by losses In 
coal washing, for example, a proportion of the “ fines ” is earned away with the 
ash in the slurry. In gasification, heat is lost m radiation and' in tlie condonsmg 
plant. These processes also involve monetary oxjienditiiro m the form of laboin 
charges and profit Since the resulting fuel must bear all these costs, the problmn 
becomes that of deciding whether the increased availability of tJie heat imi(.s in 
the finally produced fuel is worth the increased cost 

It will always be found that the actual heat employed in the utilisation jiroci'ss 
becomes more expensive as the availability of the fuel is increased, since oiioh of 
the final heat units must be debited with its share of the Britisji Thermal LfuUs 
lost in the production of the final fuel. In other words, the ovei-all tliei mal eilicKUicy 
of the process of obtaining and preparing the fuel is dccrcaBcd as the availability 
of the heat is increased. It becomes necessary to judge in eacli case of comnuitoial 
heat utilisation whether it is economically sound to use a large amount of heat 
from cheap fuel which cannot be utilised with liigh efficiency, or, on the other hand, 
to use a smaller amount of heat from a high grade fuel which can be used with 
high efficiency and great convenience. The prices commanded by a therm (vija 
100,000 British Thermal Units) in various forms of fuel differ according to the 
relative costs of the fuels at any time or place, hut for convenience of reference are 
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given between wide limits in Table III. These figures are in themselves a measure 
ol the value of the higher availability of special fuels. It may be said, therefore, 
that the aspect of the fuel problem thus presented is that of raising the availability 
of the fuel at the least possible cost. 

TABLE III 


Cost of One Therm in Various Forms of Fuel 

Coke at 26/- to 40/- per ton, say 8 lb per therm . . 1 1 to 1 7 

Coal at 30/- to 50/- per ton, say 7| lb. per therm . . . . 1 2 to 2 0 

Fuel Oil at 5d. to 6d. per gallon, say 6 lb. per therm . . 3 0 to 3*8 

Gas at 9d. to lid per therm . . . . . . . 9 0 to 11 0 

Petrol at 1/4 to 2/6 per gallon, say 5 lb. per therm . . 11*0 to 20*6 

Electricity, 29 units at l|d. to 3d. . . . . 43 5 to 87 0 

Alcohol at 4/- to 5/- per gallon, say 8 3 lb. per therm. . . . 49 6 to 62 


APPLICATION TO LOW TEMPERATURE CARBONISATION 

It will be seen m a later chapter that this aspect of the fuel problem is of 
particular importance to those interested in the development of the process of 
low temperature carbonisation. The availability of heat m coal is imdoiibtedly 
increased by carbonisation at a low temperature The immediate problem to be 
solved by advocates of low temperature carbonisation is to make the cost of 
treatment of the original fuel sufficiently low to attract consumers generally, or for 
any particular industry, by the extra convenience and heat availability of the 
resulting fuels. 

Although much might be written about the desirability and necessity of the 
utilisation of the so-called waste fuels and of the inferior fuels, such as shale 
or peat, it must be recognised that, in many cases, it is at present commercially 
unsound to attempt to increase their heat availability. There must always be a 
certain amount of waste fuel, no matter how scarce or expensive high-class fuel 
may become. It is only as the higher grades of fuel increase m price that increasing 
supplies of the lower grades of fuel become economically of importance. Examina- 
tion will be made in later chapters of the claims made by some mventors of processes 
of low temperature carbonisation to utilise the fuels which are, under present 
Indus fcnal conditions, only potential sources of heat and power It may safely bo 
assumed that, even if certain of these processes are not commercially sound at the 
present moment, the changing conditions due to the undoubted gradual rise m 
tJie costs of the higher grade fuels may eventually enable some of the prese^nt 
processes, or improvements on the present processes, to become of commercial 
importance. 



CHAPTER IV 


NOTES ON THE CONSTITUTION OF COAL 
INTRODUCTORY 

Although coal is of very common occurrence and has been utilised for so long 
as a source of heat, light and power, it is undoubtedly true that the chemical and 
physical study of this important mineral has been much neglected. It is only 
within the last few years that the number of research workers who have been 
investigatmg different aspects of the constitution of coal has been in any degree 
commensurate with the importance of the subject The research has also suffered 
by having taken the form of isolated experiments , and only lately has there been 
any tendency for investigators to make a combined attack upon it The reasons 
for the distinctive differences between various types of coal have not yet been 
completely placed upon a rational basis, nor is it possible to enunciate general 
laws regardmg coal which are strictly true. A more intimate knowledge of the 
constitution, as distinct from the composition, of coal would undoubtedly be of 
great value to the technologist, and might assist in the solution of some of the 
problems relating to carbonisation. 

DEFINITION OF COAL 

It IS very difficult to suggest a definition of coal which will be at once scientifically 
correct and of general acceptance. Stopes and Wheeler^ define coal as follovT : — 

Ordinary coal is a compact stratified mass of mummified plants (which 
have in part suffered arrested decay to varying degrees of completeness) free 
from all save a very low percentage of other matter.*’ 

Strictly speaking, this definition is applicable to bituminous and anthracitic 
coals only, and does not cover the wider range of all carbonaceous material. Impure 
deposits, due to the plant substance being insufficiently free from inorganic matter, 
may grade into shales and other carbonaceous materials. On the other hand, 
to quote Lewes — 

The most satisfactory view to take of the composition of coal is that it is 
an agglomerate of the solid degradation products of vegetable decay, together 
with such of the original bodies as have resisted to a greater extent the action 
to which the material has been subjected.” ^ 

» Dept of Scientific and Industrial Eoaearoh Monograph on the Gonshtutton of Goal, Stopes, 
Marie 0,, D Sc , Ph D. , Wheeler, it. V , D.fSo (H.M Stationery Office ) 

2 Lewes, Vivian The Garbomsatzon of Coal, (Bonn Bros ) 
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THE ORIGIN OF COAL 

Whatever may have been the mode of accumulation of coal, and the views of 
opposing theorists are not yet fully reconciled, it is at least universally recognised 
that coal is of plant origin. Notwithstanding all the internal evidence in its favour, 
it may nevertheless appear somewhat speculative to the lay mind that the vast 
deposits of coal should have had their origin in vegetable matter and plant lile 
The specific gravity of coal is of the order of 1 2, so that the volume of coal is 
only about one-tenth to one-twelfth of the volume of the original vegetable tissues. 
A seam of coal 10 feet thick is therefore the deposit from vegetation approximately 
120 feet thick. Even when an unlimited geological time is assumed for its formation, 
an accumulation of this depth appears somewhat incredible, and the problem of 
accounting satisfactorily for an occurrence of this nature is profound. Even the 
parallel of the deposits possible from the rich tropical growths of the present day 
does not carry with it full conviction In point of fact, however, the theory of the 
origin of coal should not be considered in the light of present day conditions It 
must be borne in mmd that physiographical conditions were radically different in 
the days of the luxuriant plant growths of the carbonaceous period to those of 
to-day. Excesses of atmospheric carbon-dioxide and water vapour, together with 
the heat from the cooling earth’s crust, stimulated the growth of vegetable tissues. 
Atmospheric oxygen was ]ust beginning to accumulate , and decay, which is but 
the slow combustion of matter, did not operate as it docs to-day The decay 
which did occur must have been largely at the expense of the oxygen in the vege- 
table tissues ; that is to say, checked decay, as it is called, must have been operative 
The later effects of pressure ol an incalculable amount must be added to the formei 
factors. Although these do not prove incontestably that the primeval forests and 
swamps have been transformed into the carboniferous measures, the internal evidence 
of the formation of coal from vegetable matter is additionally very strong. The 
results ol microscopical oxamination, supported as they arc by the impression of 
plant life found in coal, render it difficult to advance sufficiently stiong arguments 
to refute this theory There still remains much, however, that is unceitain 
regarding the earlier history ol coal , and in particular there are two problems 
on which there is not yet a consensus of opinion, viz. — 

(i) The mode of accumulation of coal, and 

(ii) The mode of transformation of the vegetable matter into coal. 
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THE MODE OF ACCUMULATION OF COAL 

Stopes and Wheeler^ summarise very completely the leadmg modes of accumu- 
lation of coal-formmg matter in four groups, viz. . — 

(a) In sea water. 

(b) In brackish water. 

(c) In fresh water. 

(d) On land. 

There are two methods of accounting for the accumulation of our coal deposits 
under the above heads, viz the ^n situ theory and the dnjt theory In the first 
case it IS <assumed that the vegetable remains have not moved from their place of 
growth, and in the second that they have travelled from a distance by estuary 
and river action The in situ theory is strengthened by the presence of stigmaria 
or fossil roots m the undorclay of certain seams ; but the drift theory helps to 
account for the very thick coal seams which have been foimd The impurities 
found in coal may be divided into two groups, viz. those deposited duiing the 
formation of the coal, consisting largely of silica and alumina, and those deposited 
subsequently, chiefly by percolation through the cleavage planes, e g calcium 
carbonate For a correct study of the coal at any seam it is obviously of some 
importance ihat there should be some knowledge of its mode of accumulation , but 
local experience is reqiiiied in the majority of cases to decide whether the coal was 
formed of in situ or drift material, or perhaps both. 

THE MODE OF TEANSFORMATION OF COAL 

Tlie theory of the origin of coal is supported by the occurrence throughout the 
world of carbonaceous material graded in all stages from the plant life of to-day 
to peat*, from peat to lignite, from lignite to bituminous coal, and on to anthracitic 
coal The theory has been advanced that*, under the combined influences of 
pressure and temperature, and over vast geological cpoclis, these various gradations 
mark the mode of transformation of the coal of to-day fiom the vegetable growths 
of pximeval times While peat, for example, represents a condition of vegetable 
decay, intermediate between vegetable matter and the tertiary coals, it does not 
necessarily follow that vegetable matter on decay must pass through the peat 
stage before its metamorphosis into coal It may be, therefore, that, as suggested 
by the mctamorphic theory, the vegetable matter first underwent a rapid change 
due to the bacterial decomposition of its cellulose, and that a later slow alteration 
due to the combined efieci of pressure and temperature [principally pressure, since 
the temperature cannot have approached 300° C.], has completed the transformation. 
It IS obvious that, in the later stages of the coal-forming process at least, the effect 

^ p 39. 
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of temperature can only have been of subsidiary importance, since coal is readily 
decomposed at relatively low temperatures. The accumulated evidence appears to 
favour the metamorphic theory. In any case, the estimates made of the times 
taken for the accumulation and deposition qf the original coal-forming debris and 
for its transformation into coal must be considered highly speculative. 

THE DETERMINATION OF THE CHEMICAL CONSTITUTION OF COAL 

Coal being composed of vegetable matter, it is to be expected that amongst its 
constituents will be . — 

(а) Cellulosic or humic derivatives. 

(б) Resinous derivatives, and 
(c) Nitrogenous compounds. 

The resinic constituents are believed to have a great influence on coke formation 
There was formerly a disposition to classify the remaining constituents as ‘'cellulosic/' 
but it has been pointed out that cellulose itself is unstable under the conditions of 
peat formation. The chief differences in the properties of different coals may be 
said to be due to the varying proportions with which these derivatives are com- 
pounded. Three methods of research have been employed in determining the 
chemical constitution of coal, viz. . — 

(i) The extraction of the constituents by means of solvents. 

(ii) The action of reagents on the coal substance, and 

(ill) Destructive distillation. 

The first and most direct method of research has not yielded much information 
hitherto, apart from the use of alkaline liquids which may perhaps act as reagents. 
This is due to the fact that coal is of great insolubility and offers a strong resistance 
to the ordmary solvents. The second and third of the above methods are indirect, 
but nevertheless have proved useful in giving information of great value. 

THE ACTION OF SOLVENTS UPON COAL 

As already stated, the usefulness of this method of determinmg the chemical 
composition of coal is limited by the mertness of the coal substance. There is also 
a suspicion that some of the solvents employed modify very considerably the 
molecular structure of the compounds in the coal and act, indeed, as reagonLs 
rather than solvents. The solvents employed include . — 

(i) Alcohol, ether, chloroform, acetone, aniline and petroleum, 

(ii) Benzene and pentane. 

(ill) Phenol. 

(iv) Pyndme. 



NOTES ON THE CONSTITUTION OF COAL 43 

It is not necessary in this volume to study closely the results of the work of various 
experimenters with these solvents. It may be said, however, that a useful empirical 
separation of coal into three main groups of compounds has been effected by the 
use of pyridme and chloroform, thus : — 

(i) Alpha compounds, insoluble in pyridme. 

(ii) Beta compounds, soluble in pyridine, but insoluble in chloroform. 

(lii) Gamma compounds, soluble in pyridine, and soluble also in chloroform. 

This separation may perhaps be seen more clearly from the following ; — 

Bituminous Coal 
treated with pyridine 

I 

Alpha Compounds Extract A 

Extract A 

treated with chloroform 


Beta Compounds Gamma Compounds 

(Insoluble) (Extraofc B) 

The alpha and beta compounds appear to be of the same t 3 ?p)e, and correspond lu 
general characteristics to the derivatives of the celluloses (Iigno-cellulose, etc.) m 
the coal, in contradistinction to the gamma compounds which appear to have 
concentrated in them the resmic derivatives. Until the composition of these groups 
of compounds has been more definitely established it is not desirable, however, to 
dogmatise about the latter classification. Jones and Wheeler^ have found that 
the alpha and beta compounds yield on distillation very small percentages of 
liquid products, mainly phenols ; while about 40 per cent to 50 per cent of the 
gamma compounds distil below 400° C , the products being paraffins, olefins and 
naphthenes, but no phenols. 

Stopes and Wheeler^ summarise three main conclusions m their review of the 
experimental results obtamed by solvents in groups (i) to (iv), vi2. 

{a) Evidence has been obtamed of the presence in bitununous coals of small 
quantities (presumably but little altered) of resin extractable with ether 

' Jones and Wheeler. “The Composition of Coal ” Trans Ohe-m Soo , 1915, 107, 1318. 

® Dept, of Scientific and Industrial Research Monogra'ph on the ConsttMton of Goal. Stopes, 
Marie C. U.So,, Ph.I) ; Wheeler, R. V , U.Sc. (H M. Stationery Office.) 
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(&) Free hydioearboM exist m small quantities in many coals. 

(c) Whatever be the exact nature of its action, pyridine affords a means of 
resolving many coals m such a manner as to render subsequent chemical 
examination less difficult. 

Ulingworth^ makes the following generalisations : — 

(i) Anthracitic coals are characterised by the general absence of beta and 
gamma compounds. 

(ii) The properties of carbonaceous coals are due to the relatively high contents 
of alpha compounds compared with gamma compounds and to the absence 
of beta compounds. 

(m) Bituminous coals m general owe their most striking properties to the 
presence of gamma compounds , while the beta compounds occur in the 

greatest quantity in coals in which the g ratio lies between 14 and 16 . 
ACTION OF EBAGBNTS ON COAL 

Coal may be oxidised quickly by means of chemical reagents such as sulphuric 
and mtric acids, caustic alkalis, bromme and also ozone, or more slowly, as by 
the atmospheric oxygen, m the weathering of coal. It has been found* that coal 
boiled with a mixture of potassium chlorate and dilute hydrochloric acid yields 
chlormated substances of complex composition entirely soluble in alkalies Furtlior- 
more, many coals dissolve almost completely on evaporation with nitiic acid. In 
most cases, however, the use of reagents yields products of great complexity, which 
throw little hght on the nature of the oiigmal coal substance Stopes and Wheeler 
thus summarise the position • — 

“ Considered by themselves, the facte elicited from the study of the action 
of reagents on coal are not very mformmg (we except, of course, the facts iclative 
to the formation of ulmic compounds), nor are the prospects for futiue work in 
this direction very promising.” 


ULMINS 

The action of potassium hydroxide must be considered separately, as the com- 
pounds removed from coal by its means are very important, and form the basis of 
the so-called Ulmic Substances ” 

The Ulmms may be described as highly complex colloidal jellies which appear 

1922* ® “ Tie Action of SolTcnts on Coal ” Fuel zn Science and Pjactice, Juno, 

“ Cross and Beran " On Pseudo Caibons ” Phil Mag , Scr 6, Vol. 13, pp. 32C-8 
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after the decay of the softer portions of plants. The ulmin compounds occur m 
wood decayed by v/et rob/’ to a lessor extent m peat and lignite, but very rarely 
in bituminous coal , they have never been detected in anthracite. Thus the content 
of soluble ulmin compounds diminishes as the content of carbon increases. The 
formation or non-formation of ulmin compounds is indeed generally given as a 
method of distmguishmg between a lignite and a bituminous coal. It is found, 
however, that a bituminous coal which has become oxidised, by weathering, for 
example, contains appreciable quantities of ulmin compounds, and that the quantity 
increases with the degree of oxidation. The presence of ulmin compounds detracts 
from the coking quality of a coal A very interesting field for research is therefore 
opened up by a study of the ulmin compounds in carbonaceous material, and further 
information on the constitution of these compounds in coal would be of groat value 
in determining the constitution of coal. 

ATMOSPHERIC OXYGEN AND COAL 

The most important reagent in the oxidation of coal is atmospheric oxygen. 
The spontaneous combustion and the weathering of coal, the reduction or prevention 
of which IS of so much industrial consequence, are due to the slow absorption and 
combination of the oxygen of the air with the coal even at ordinary temperatures 
It IS not surprising, therefore, that considerable research work should have been 
done on this phenomenon The weathering of coal results in the deterioration 
of its qualities, particularly as regards caloiific value and coking properties. 
The weathering process begins with the absorption of oxygon, which unites 
chemically with the coal substance and generates heat. Should this heat not be 
dissipated, the temperature of the mass of coal slowly rises, due to its poor con- 
ductivity of heat, until the point of ignition is leached. The drop in calorific value 
IS duo to the oxidation of the carbon and hydrogen in the coal to carbon-dioxide 
and water respectively. Important factors m the spontaneous heating of coal are 
(a) the freshness of the broken coal surface — for the first few days or weeks the 
freshly broken coal surface is much more active in combining with oxygen than it 
IS later , (b) the temperature of the coal on storage — coal stored during the hot 
months of summer is more liable to spontaneous combustion than coal stored 
during winter , and (c) the fineness of the coal — ^the surface of the coal is greatly 
increased as the size of the individual particles is diimnished, and there are strong 
grounds for belief that the spontaneous heating of coal is a surface phenomenon. 

Important researches, in which the results have been directly applied for 
industrial purposes, have been carried out by Sir Richard Threlf all on the spontaneous 
heating of coal,^ particularly during shipment, and by Dr. J. S. Haldane on the 

^ Threlfal], E, Spontaneous Heating of Coal.” Journ Soc Chem^ Ind, 1909, 28, 759. 
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spontaneous filing of coal in mines ^ The former researches were carried out in 
connexion with the investigation of the New South Wales Royal Commission 
between 1896 and 1908, and the latter by the staff of the Doncaster Coal Owners’ 
Research Laboratory, 

The effect of the oxidation of coal on its cokmg properties will be discussed 
in a later section. 

THE DESTRUCTIVE DISTILLATION OP COAL 

Our chief knowledge of the constitution of coal has probably been obtained by 
the indirect method of destructive distillation, comparative results being obtained 
by the subjection of coal-formmg materials and typical coals to the same process 
of destructive distillation. It is unnecessary to describe fully all the experimental 
work which has been carried out under this heading, some of which must be dis- 
cussed in Chapter VI. The results of some of the researches have, however, some 
bearing upon the chemical constitution of coal, and it is desirable to summarise 
them in so far as they affect this aspect of the problem 

The following general conclusions of Burgess and Wheeler^ are largely confirmed 
by the work of Porter and Ovitz,® and that of Vignon* : — 

(i) There is for all coals a well-defimed decomposition point, at a temperature 
lying between 700"^ C and 800° C , which corresponds with a marked 
increase in the quantity of hydrogen evolved. 

(ii) The evolution of hydrocarbon of tlie parafidn series practically ceases at 
temperatures above 700° C 

(ill) Ethane, propane, butane and higher members of the paraffin senes form 
a large percentage of the gases evolved at tempeiatures below 450° C. 

As a result of these observations, Burgess and Wheeler presumed that coal is 
composed of two compounds which differ m their tendency to decompose The 
more unstable yields the paraffin hydrocaibons and no hydrogen , the more stable 
decomposes rapidly between 700° C and 800° C., yielding hydrogen as its chief 
gaseous product. They were further of opinion that the chief differences m the 
piopertics of coals are due to the proportions m which these compounds arc blended 

Clark and Wheeler^ gave additional evidence of the existence of these com- 
pounds, and labelled the paraffin-yielding compounds resimo ” and the hydrogen- 

‘ Ilaldano, J. S “ Spontaneous ‘Filing of Coal in Mines Proc ImL Mm Eng., 1917, 53, 194 

2 Uurgess and Wheeler. “The Volatilo Consiituonta of Coal” Tmna Qlmn Soc , 1910, 97, 
1917 , 1911. 99. C49 

Porter and Ovitz “ The Volatile Matter of Coal ” Bulletin 70, USA Bureau of Mines 

^ Vignoii, L. ‘ ‘ Distillation fractioneo do la Houille ” Gornptes Ecndiis, 1912, 156, J 51 4-1 7 

« Clark and Wheeler. “ Tlie Volatile Constituents of Coal,” Part III. Tians Ghen Soc , 1913, 
103, 1704. 
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yielding cellulosic ’’ (see, however, page 42), Although it may he taten 
as confirmed that the evolution of hydrogen increases rapidly at a temperature 
between 700"^ C. and C., it is not yet generally agreed that this phenomenon 
IS due to the decomposition of a constituent of coal which is stable up to that 
temperature. 

THE LIQUEFACTION OF COAL 

Very interesting work on this subject has been done in Germany, under the 
direction of F. Fischer, at the Coal Research Institute at Mannlieun. Since only 
about 6 per cent of the weight of the original coal is recovered as tar by the ordinary 
gasification processes, attempts have been made to obtam liquid fuel from solid 
fuel by means other than carbonisation. The action of ozone has been investigated, 
and other processes in relation to the oxidation and hydrogenation of coal under 
pressure. Research with ozone has been discontinued, partly because of the 
expense, and partly because the same results may bo obtained by pressure-oxidation 
methods. In the latter, finely ground coal is mixed with a solution of sodium 
carbonate, after which it is treated with compressed air in steel containers at a 
temperature of 170° C. to 200° C, When subjected to this process, coal yields 
about 40 per cent of soluble oiganic compounds. The properties of these com- 
pounds have not as yet been closely determined In the hydrogenation system of 
Bergius the coal is treated with hydrogen at about 400° C. under a pressure of 
160 atmospheres in special steel cylmdem. It is stated that about 80 per cent to 
90 per cent of the original dry weight of certain coals has been in this way turned 
into an oil which shows the oharacteiistice partly of phenolic and partly of the 
petroleum hydrocarbons. 

As a result of their experimental investigations, Fischer and Schrader^ consider 
that the mam classes of compounds that have produced coal are — 

(а) Cellulose, which is, however, destroyed during bacterial fermentation 

(б) Lignin, 2 which becomes ulmins, and 
(c) Resin, which becomes bitumen.’’ 

They contend that the greater proportion (if not all) of the cellulose disappears m 
the course of coal-foimation through bacterial action, and that coal is composed 
chiefly of the ulmins produced by the transformation of lignone, though it may 
also be derived m part from the concentrated resins of the plants. Accordmg to 
this theory, which is not fully established, bituminous coal must be regarded as 
consisting mainly of (b) and (c) above. It should bo noted that Fischer and Schrader 
differ from Wheeler in believing that the ulmic portion of coal is derived solely 

» Fischer and Schrader. “ Origin and Chemical Structure of Coal Fuel in Science and Practice, 
July, 1922 

® It is perhaps preferable to use the term lignone, and this term is used hereafter in this volume 
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from lignoae (the lignone portion of ligno-cellulose), and not from the cellnJoses, 
and would prefer in Wheeler’s writings to substitute the words lignone derivatives 
for cellulosic derivatives. 

THE MICROSCOPICAL EXAMINATION OF COAL 

This consideration of the constitution of coal would be incomplete wiLhout some 
reference to the contribution afforded b7 macroscopical and microscopical evidence 
One of the most interesting developments of recent years is the description by 
Dr. Mane Stopes of the four visible ingredients in banded bituminous coal She 
points out that four distinctive and visibly differing portions are recognisable in 
the mass of a bituminous coal, and that these four portions “ react so differently 
to certam simple chemical materials as to indicate that their chemical molecules 
should be substantially different from each other.” To these she has given the 
following names . — 

FiismUy equivalent to the so-called mother of coal ” 

Durain^ equivalent to the dull ” coal of various authors 

Clarain, and 

Vitratn 

The two latter have been referred to indiscriminately by different authors as 
“ bright coal ” 

Considerable experience is, of course, necessary before some of the constituents 
present m a block of coal can be identified with ceitamty. They occur frequently 
in thin bands, and tend in ceitam cases to merge one into the other, eg it is some- 
times difficult to distinguish, without the help of the microscope, between clarain 
and alternate thm bands of durain and vitiain. Stopes, ^ mdeed, msists upon the 
fact that these porLions — except possibly vitiam — are neither homogeneous nor 
chemical molecular units, and that clarain may eventually prove to bo vifcraiii whicJi 
contains plant remains Mr J Lomax has done mucli work with the object ol 
correlating the known general propcities of the constituents with tlio commercial 
properties of typical coals An interesting dcsciiption of the methods employed by 
Mr Lomax for observations and researches on the microstracture of coal is given 
in Fuel %n Science and Practice, May, 1922 ^ 

Fitsam, according to Slopes, occiiis as wedges roughly parallel to the bedding 
plane It is very powdeiy, and, according to Sinuatfc,^ contributes greatly to the 

‘ kStopea, Mane 0 “ On the Four Visible Ingredients m Eaiidcd Bituminous Coal ” Pwc Ron 

8oc B, 90 , 1919 

® Lomfix, J “Tlio Pioparation of Tranapaioiit Sections of Coal ” F%icl in Science and Ptachce, 
May, 1922 

Sinnatt, F S , and Slatei " Propagation of a Zone of Combustion in Powdered Coal ” Fuel in 
Science and Piactice^ Aug , 1923 
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dii«t which IS HO dangerous a factor 111 certain mines. The layers in which it occurs 
are utilised as lines of wcalmess by fcho miner in getting the coal. Examined micro- 
.scopically 111 thin sections it is opaque and black, and often shows the vascular 
structure of the wood. In the coking test the residue appears as a non-coherent 
powder In consequence dust from coal washcries may not possess a high coking 
power, despite the properties of the coal. 

Durmn^ or spore coal, often referred to as dull coal, is hard and dull in appear- 
ance It does not usually present a large surface of contact to adjacent constituents 
of other types. According to Stopes, the purest duram tends to have ravelled 
edges/’ When examined m thin sections, it is seen to contain a large number of 


VtTRAIN 



CLARAIN 


DURAIN 


FUSAIN 

FXU 2 — CONVEKTIONAL NOTATION EOR CoUESINa DiAGBAM 

lacrospores and miciospores on a background of opaque granules. Smnatt states 
lat m certain special coals duram is practically representative of the whole of the 
^am, although m many cases it does not preponderate. Lessmg’- finds that on 
)king, duram undergoes practically no change in form, and that in general it must 
j regarded as almost devoid of coking value 
Clarain has a well-marked glassy appearance with a distmcLly laminated 
riictiure Microscopically, it has a clear appearance, though heterogeneous when 
unpared with duram, and presents bands of leaf cuticle, stem tissues and resm 
idles which are translucent with some spore exines It is especially rich in plant 
mains, and on coking presents well-marked cohering properties. 

Vitrain occurs in bands up to some half-inch m thiclmess, is usually sharply 
‘fined, and is quite distinct from the neighbourmg layers of other constituents, 
does not present any structure, and tends to break in conchoidal form. 

^ Lessing, B. “The Behaviour of the Constituents of Banded Bituminous Goal on Oolong.” 
ms. Chem. Soc , ll*?, 1920. 
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Microscopically it is transluceat with a uniform texture, and in colour a pale 
gold to red-brown, according to the thickness of the section. Stopes likens it to a 
hardened glue or jelly. Lessing has shown that vitrain is comparatively highly 
coking 

Although some use has been made of the microscopical examination of coals lor 
certain commercial purposes, it cannot be said that up to the present there is any 
very definite correlation of the constitution of a seam to the use for which the 
coal may be suitable Active work is, however, proceedmg in this direction Simiatt ^ 
has recently plotted very carefully the vertical section of several seams, and lias 
prepared a diagram showing the coursmg of the four constituents m the Arley coal, 
which is reproduced with his permission in Fig 1 It should be stated that, in this 
figure, the conventions given in Fig. 2 have been adopted by Sinnatt to indicate 
the four ingredients. It was at first thought that they could be indicated most 
conveniently on a drawing by giving them different colours, but this method has 
been rejected except for exhibition purposes. 


TABLE IV 


Percentages of 

Foue Visible Ingeedients in 

Ceetain 

Seams 

Name of Seam j 

Vitrain 

Claram 

Duram 

Fusam 

Foieign 

Mattel. 

Arley 

w-e 

65 9 

184 

14 

— 

Wigan 5 ft 

98 

63-1 

36 2 

1 9 


Trencherbone 

70 

70 0 

21 2 

1 8 

— 

„ Tops 

72 

65 8 

35 6 

1-5 

— 

3 , Bottoms 

68 

85 6 

5'6 

20 

__ 

Wigan 4 ft. 

25 1 

61-9 

20 2 

1-0 

1-8 

Arley 

21 3 

654 

12 8 

05 

— 

Queen Mine 

1-3 

96 7 

Nil 

Nil 

— 

Bickershaw Yard 

Nil. 

Nil 

100 

Nil. 

— 


The percentages of the four ingredients in Arley coal and other scams are given 
in Table IV. Specimens of the mgredients were separated from four of the seams, 
and the results of the analysis of the material are given in Table V. The analysis 
of each ingredient in the Thick Seam, Hamstead Colliery, is given in Table VI 

1 Sinnatt, F S. “A Method of representing the Structuie of Coal Seams ” Manch.Geol and Mm 
8oc,t June, 1922 
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TABLE V 

Analyses of each Ingredient in Certain Seams 
Arley Mine 



Moisture 

Ash 

Volatile 

Matter 

Volatile 
Matter lose 
Moistuie 

Coke. 

Fixed 

Carbon 

Vitrain 

0/ 

/o 

M5 

o/ 

h 

0 87 

0/ 

/o 

33 9 

0/ 

/o 

32 75 

0/ 

/o 

66-1 

/o 

65 24 

Clarain 

1 04 

1 15 

33 0 

31 96 

07 0 

66 85 

Duraiii 

1 00 

2 50 

30 4 

29 34 

69-6 

67 1 

Fiisaiii . 

1 40 

4 72 

13 2 

1] 8 

86-8 

82 08 



Trenchebbonji: 




Vitrain 

1 47 

1 54 

41 2 

39 73 

58 8 

56 24 

Clarain 

1 35 

2 17 

41 1 

42 75 

65 9 

63 73 

Dm am 

134 

1 47 

35 9 

33 50 

641 

62 64 



Wigan 

5 




Vitiaiii 

70 

1 92 

39 9 

32 9 

601 

68 18 

Claiaxii 

5 92 

2 79 

39 8 

33 88 

60 2 

57-41 

Diiram . 

3 58 

4 65 

37 9 

34 32 

621 

67 45 



Wigan 

Yard 




Vitram 

34 

6 82 

37 4 

34-0 

62 6 

61-78 

Clarain . 

3 2 

3 26 

41 4 

38 2 

58-0 

55 34 

Durain 

2 1 

12 90 

28 8 

26 7 

71-2 

68 30 

Fiisain . 

1 7 

5 90 

23 7 

22 0 

76-3 

70 40 


TABLE VI 

Analysis of each Ingredient in Thick Seam, Hamstead Colliery^ 

Volatile Matter m 



Moiatmo 

Ash 

Ash-Tree d 

Vitrain 

12 6 

1-2 

38 6 

Clarain 

10 2 

1-45 

40-8 

Durain 

6-5 

3-6 

39 4 

Fusian 

3-9 

10-0 

22 6 


^ Tideswoll, 'F V , and Wheeler, B V A Chemical Investigation of Banded Bituminous Coal/’ 
Trans. Chcm Soc , 1019, 115, 630 
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It must be admitted, however, that tip to the present the microscope has been 
useful for comparative purposes only Further work is needed before it will be 
possible to show definitely that, if the constituents are present m a certam proportion, 
the coal will be useful for any specific purpose. Typical samples of coal which have 
proved satisfactory, and of others which have not proved satisfactory, may be 
examined, and it may be found that coals with a similar appearance under the 
microscope behave similarly in practice. For commercial purposes, such as the 
selection of coal for a definite contract, the microscope may usefully bo employed 
in eliminating unsuitable types , but with the present knowledge the final selection 
should preferably not be made until a trial under working conditions has been 
earned out. 



CHAPTER V 


THE GLASSIFICATION AND TESTING OF COAL 
THE CLASSIFICATION OF COAL 

It is very difficult to classify the different varieties of carboniferous deposits 
as they exist to-day. Several methods have been suggested, but it cannot be said 
that any one is entirely satisfactory. Thus the classification may be made from 
the point of view of the geological age, the coking properties, the commercial appli- 
cation, the chemical composition, etc. , but as the characteristics in any one group 
tend to merge into those of another, the various schemes of classification are 
convenient rathci than scientific. Six grades may bo distinguished, viz. •— 

(1) Peat. 

(2) Lignites or Brown Coals. 

(3) Cannel Coals 

(4) Torbanites 

(5) Bituminous Coals 

(6) Anthracites. 

The difference m the chemical composition of carbonaceous materials is exemplified 
by the average figures given m the following table by Butterfield : — 

TABLE VII 

CiiEMicAi. Composition of Carbonaceous Materials 



Cai bon 

Hychogon 

Oxygen 

Nitiogen 

Sulpliiii 

Ash 

Cellulose 

44 4 

62 

49 4 





Dry Wood (avei’cage) 

48 5 

GO 

43 5 

0'5 

— 

1 5 

Dry Peat 

58 0 

6 3 

30 8 

0-9 

trace 

40 

Lignite 

07 0 

5-1 

19 5 

1 J 

10 

63 

Goal 

77-0 

50 

7 0 

15 

1 5 

80 

Antliracite 

90 0 

25 

25 

05 

05 

40 

It will bo noted that tlir 

■ piincipal 

diftcrences from cellulose to anthracite are m the 


gradual and almost total elimination of oxygen — and to a smaller extent of hydrogen 
also — and the corresponding incicase m the carbon content. 

GRUNER’S CLASSIFICATION 

It IS not necessary to give m detail the various classifications of coal which 
have been advanced One of the earliest, first suggested by Regnault and slightly 
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modified by Gruner, has been widely adopted on the Continent, and is given in 
Table VIII. This classification is based on dry coals which are ash-free and 
sulphni-free. 

TABLE VIII 

Gbunbr’s Classification of Coal 


Composition per cent 


Class 

Carbon 

Hydrogen 

Oxygen 

Specific 

Gravity 

Nature of Coke 

(1) Dry coals 
long flame 

75-80 

5-5^6 

19 5-15 0 

1 25 

Powdery or slightly 
flitted 

(2) Fat coals 

80-85 

5-8-5 0 

14-2-10 0 

1 28-1 30 

Caked, but poious 

long flame 

(3) Fat coals 

84-89 

5-0-5 5 

11 0-5 5 

1 30 

Caked and fairly 
compact 

(4) Fat coals 

88-91 

4 5-5 5 

6 5-5 5 

1 30-1 35 

Compact 

short flame 

{5) Lean coals 
anthracite 

90-93 

4 5-4 0 

5 5-3 0 

1 36-1 40 

Lightly flitted or 
powdei y 


SEYLEE’S CLASSIFICATION 

One of the best methods so far suggested for the purpose of the scientific clasBifi- 
cation of coal is that put forward by Mr C. A. Soylcr ^ As the result of a d<'1, ailed 
study of the coals of South Wales, which range in many varieties between bit iiinmous 
and anthracitic coal, coals are divided according to their hydrogen content iiilio 
five prmcipal groups, each of which is further subdivided into otlior classes atjcoidmg 
to the carbon content The chief classes of each group are shown lu Tidile JX 
This classification has been used by Drs. Slrahan and Pollard, ‘-i of the Geological 
Survey of England and Wales, m their publication upon the coals of South Wales. 


riiofr Coals of South Wales, with spooiul roloionco to tho Ori'nii and 

Authracite Ed. 2, Mem Gcol. Survey, Ertg and Wales, vi, 1)1 (H M Statumory 
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U.S.A. GEOLOGICAL SURVEY CLASSIFICATION 

The United States Geological Survey^ has adopted a classification somewhat 
Rirmlar to that proposed by Mr. Seyler, the basis being the ratio of the carbon- 
hydrogen content. This classification is given in Table X. 

TABLE X 

U.S A. Geological Survey Classification of Coal 


Group 

j Desciiption 

Ratio . C H 

A 

Grapiute 

“ to (*) 

B1 
C J 

I" Anthracite 

/ («) to 30 (*) 

1 (?) 30 to 20 (?) 

D 

Semi-anthracitic 

(?) 26 to 23 (*) 

E 

Semi-bitnmmous 

(«) 23 to 20 

F ^ 


/ 20 to 17 

G| 

Hi 

1 

^ Bituminous 

1 

17 to HI 

14 4 to 12 .5 

I j 

1 

\ 12 5 to 11 2 

J 

Lignitic 

11 2 to 9-3 (?) 

K 

Peat 

(?) 9 3 to (?) 

L 

Wood 

72 


PARR’S CLASSIFICATION 

A new classification of coal has been proposed by Mi S VV Parr," ol 
University of Illinois, at the recent Annual Congicss oi the Anu'iican Cheniieid 
Society This classification IS based upon the heating value pel lb of coal tiubsUuiee 
and the percentage of volatile matter contained in the coal Tlic unit heat Mdiie 
of the coal substance is determined from the formula . — 

Total B Th U -5000 S 

1-(1 08 ALoTos 

where S = percentage of sulphur 
and A = percentage of ash. 

This formula gives a true heat value for the coal substance itself wi1,hout r<‘gaid 
to the percentage content of the ash or sulphur of the coal 

This classification would group American coals as shown in Table XT. 
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TABLE XI 


Parr’s Olassirication op Coal 


Clasa 

1, Celluloso and Wood 
2 Peat 

3. Brown Lignite 

4. Black Lignite 

5 Sub-bituminous 

6 Western Bitununous. (American) 

7 Eastern Bituminous. ( ,, ) 

8 Anthracite .... 


Heating Value per lb 
of Coal Substance. 

7500- 8500 
7800-11500 
11600-12500 
12500-13500 
13500-14000 
14000-15000 
15000-16000 
15500-16000 


In conclusion, it sliould be added that, although each of the above classifications 
has doubtless its utility, it cannot yet be said that any classification has been 
evolved which enables the practical engineer to say definitely that coal of any 
particular t}^e can be most economically applied for a particular purpose 


FURTHER CLASSIFICATIONS OF COAL FROM A 
CARBONISING STANDPOINT 

Attempts have been made from time to time by various investigators of coking 
problems to take advantage of some of the mformation which has been obtained on 
the constitution of coal In one interesting senes of patent specifications^ Illingworth 
describes how by subjecting coal to pre-heat treatment he is able to decompose 
some of the constituents which have already been referred to, and so to modify the 
raw material by adjusting the undecomposed portions to correspond to the 
proportions of similar constituents m a coal known to give the final product 
desired Thus, in specification 164,104 (1921), telerrmg to the production of 
metallurgical coke, he classifies coals as follov^s . — 

Type I In which the humic, cellulosic and resinic substances decompose at 
or below 300° C 

„ II Decomposition at or below 350° C 

,, III, Decomposition at or below 400° C 

„ IV, Decomposition at or below 450° C. 

Illingworth goes on to state that the best types of coking coal and also gas 
coals contain certain amounts of Types II, III and IV, but that the content of 
Type II is greater m a gas coal than in a good colcing coal He further states that 

^ Illingworth, 8. Hoy Pat Spec. 3N^o 104,104 (1921), 175,888 (1922), 186,085 (1922), 187,328 
(1922). 
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the more volatile gas coals contain considerable quantities of Type I. In his own 
words . ‘‘ If, therefore, gas coals are heated out of contact with air to 350° C., coals 
of the Types I and II may be eliminated, leavmg a residue containing Types III 
and IV, such residue being siutable for coke production/’ 

In a similar way Illingworth describes in later patents the manner in which 
the properties of a coal which gave a soft semi-coke on direct carbonisation at 600° C 
could be modified by pre-heat treatment so as to form a dense, hard, smokeless fuel 
at 480° C containing some 10*3 per cent of volatile matter. 

In the Report of the Fuel Research Board, ^ coals for the purposes of carbonisa- 
tion are classed under two heads * — 

(a) Those m which the resulting coke occupies a greater volume than the 

origmal coal, and 

(b) Those in which it occupies a smaller volume. 

For the present, and untd our knowledge of the constituents of coal u greatly 
increased, this latter classification appears to meet all the requirements of low 
temperature carbonisation practice. By mixing the two types in correct proportions 
a coke can be produced which meets all the requirements of strength and robustness 
to withstand the rough handling of transport and distribution. The proportions 
can be determined in a few hours by the method of low temperature assay which 
is briefly described on page 60. 

TESTS ON COAL 

Various tests arc made on coals m order to obtain information upon their quality 
and to determine their suitability for various compiercial purposes Useful though 
this mformation may be, it is by no means a conclusive indication of the propeitios 
of the coal under test. Coal is a heterogeneous mixture of compounds with widely 
differing physical and chemical features, and ifc is not to be expected that the results 
of any simple test will reveal all the important characteristics of tho coal Indeed, 
any advance in the study of the potential behaviour of coal must be slow so long 
as coal IS treated as a unit compound and not as a mixture of substances. In 
default of any more suitable test, it has been the practice to correlate the properiTcs 
of coal with the results of tho following testa amongst others : — 

( 1 ) Proximate analysis, le the determination of the percentage by weight of 
the moisture, volatile matter, “ fixed ” carbon and ash. 

(ii) Ultimate analysis, i e the determination of the percentage by weight of 
the elements, carbon, hydrogen, oxygen, nitrogen and sulphur. 

(ill) Estimation of the calorific value 

(iv) Determination of the coking (caking) index. 

^ Fuel Research Board Report for the Years 1920, 1921 ; Second Section, , Low Temperature 
Carbonisation ” (H M Stationery Office ) 
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The great difficulty in making estimates from the results of those tests is thau 
the analytical processes themselves afiect the coal, particularly m the determmation 
of moisture and the volatile constituents A certain amount of occluded gas, for 
example, may be obtained The occluded gases may bo determined by pumping 
off the gas liberated or by collecting the gas given off in a vacuum, either at 
ordinary temperatures or 100° 0 It is found that nitrogen and oxygen generally 
come off first, followed more slowly by carbon dioxide and methane, but at ordinary 
temperatures such experiments will last for many days. 

It IS not necessary to describe the methods whereby these various determinations 
may be made, which must for tlie above reasons bo considered largely conventional. 
Those employed in industrial laboratories may differ from those essential for 
scientific investigation, m which a greater degree of accuracy, and consequently 


TABLE XII 


Typical Differences between Proximate Analyses on Moisture-Free 

AND Ash-Free Bases 


Moistiuo-Proc 


Moiatiiro-Pieo and 
Aah-Pieo 



A 

B 

C 

D 

A 

B 

0 

1 

B i 

I 

A 

B 

C 

D 

rioisturc 

. 7 20 

3 

50 

G 

37 

4 

84 







— 1 

— 

— 





/■ olatile Matter 

32-15 

33 

47 

33 

40 

30 

26 

34 64 

34 68 

35 67 

31*80 

39 01 

36 62 

37 26 

36 01 

}arbon 

50 25 

57 

93 

56 

26 

56 

19 

5415 

60 03 

60 09 

59 04 

60 99 

63*38 

62 75 

64 99 

iL.sh 

10-40 

5 

10 

3 

97 

8 

71 

11 21 

5 29 

4 24 

9 16 

— 

— 

— 

— 


more complicated apparatus and processes, may be necessary In passmg it should 
be pointed out that it is of the utmost importance that the small quantity of coal 
used m the tests should have so far as possible the average quality of the bulk of 
coal under examination. The sampling of the coal, i e. the selection of the small 
quantity of coal used m the tests, should therefore be effected in a standard maimer, 
which also need not be described m this volume. 

It will be noted that, m the proximate analysis of coal, the percentage content 
of moisture, volatile matter, fixed’’ carbon and ash are stated. In order to give 
the full data, the moisture content should be determined — 

(а) On freshly mined coal. 

(б) On air-dried coal after crushing. 

The ash may be expressed either as the percentage content of original inorganic 
matter m the coal or as the residue left after complete combustion. There is a 
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great difference between these two results, aed the second is that generally stated. 
Since the qualities of the two coals whose proximate analyses are known may be 
masked by the percentage content of moisture and ash, the proximate analysis is 
sometunes given in terms of moisture-free and ash-free coal. Typical differences 
arising m this way are shown in Table XII. 

It may be added that it does not necessarily follow that the higher the coking 
index of a coal, the denser and harder wiU be the product of carbonisation. On 
the contrary, the density, toughness and crushing strength of cokes can often be 
increased by an addition of inert matter. This point will be discussed later 

LOW TEMPEEATURE ASSAY 

Until comparatively recently the development of a process for the carbonisation 
of coal at low temperatures has been greatly hampered by lack of knowledge of 
the quantity and quality of the resulting liquids and gases when carbonaceous 
materials are heated to different temperatures for definite periods The ordinary 
laboratory methods of testmg supply no direct information on these points, nor on 
the equally important questions of the rate of evolution of the gases, nor the effect 
of the temperature and the time of carbonisation on the quality of the resultant 
coke. The low temperature assay of Gray and King^ provides a method which 
affords accurate information upon those pomts, and their apparatus is gradually 
being recognised as an essential adjunct to the equipment of those interested in 
the development of piactical methods of low tempeiatuie carbonisation Their 
apparatus, which was worked out at H M. Fuel Eesearch Station, is based on .i 
method winch had been used for many years m the Scottish shale oil ludustiy, and 
consists of a glass or silica tube about 2 cm ui diameter and 30 cm in leiigtli, 
closed at one end. At a distance of about 2 cm from the open end a side tube, 

1 cm. in diameter, is provided, which acts as an offtake pipe leading the gases into 
a condensing and sciubbiiig system 

The complete lay-out of the laboratory assay apparatus is shown in Fig 3 
B IS the silica retort heated m the furnace A The tube G acta as a condenser and 
IS provided with an extension piece for the reception of the liquid products The 
tube D IS filled with glass beads drenched with sulphuric acid for the absorption 
of ammonia The gas is collected either over a mixture of glycerine and watei, 
a solution of magnesium chloride m water, or water saturated with the gas obtained 
in a previous experiment A constant pressure hi the gas holder is maintained 
by the ingenious apparatus shown at G, H, J, K The gas entering the gas holder E 

^ Fuel Heftcarch BoaicI Tech Papoi No 1 “ Tiic Assay of (ioal foi (Uiboiiisatuin Piuuoscs 

a new Laboidtoiy Method ” Thos Oiay, U Sc , Ph I) , and Jas (f Kini', Ji' T O , A E T.O (JI Jil 
Siaiionory Office ) 
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displaces liquid winch flows mio 0 through a piece of india-rubhcr tubing. Th^ 
overflow from G passes into the reservoir K, m which floats a counterpoise J 
J and Q are connected by a cord passing over the two pulleys shown. Thus, as 
the level m K rises, the receptacle G is lowered , and if E and K have equal cross- 
sectional areas, a constant pressure is automatically maintained in the gas holder E. 
By an adjustment ol the position of G at the beginning of the experiment any 
desired difference of level may be steadily maintained throughout the test. 

The fuinace A may be either gas fired or electrically heated, and heats uniformly 



Tig 3 — ^Low Temperat Assay Apparatus 
(Fuel Kescaich Board) 

at least 6 inches of the tube B. The temperature is under control, and may bo 
observed from time to time by means of a thermocouple m which the hot junction 
IS in contact with the middle of the retort tube, as shown m the diagram. 

This apparatus is now obtainable from at least two of the well-loiown firms of 
apparatus manufacturers, and has been recommended for the use of analysts and 
others by the Sampling and Analysis Committee of the Fuel Eesearch Board. ^ It 
meets the long-felt want of an apparatus by which within a few hours accurate 
information may be obtained of the quality of a coal for carbonisation purposes, 
and from which the most desirable treatment for any coal or blend of coals can 

1 Fuel Research Board. Physical and Chemical Survey of the National Coal Resources, No 
Interim Report on Methods of Analysis of Coal (H M Stationery Office ) 



Comparison of Yields obtained in Low Temperature Laboratory Assay (L) and HoRizoNTAii 
EeTORTS (H) expressed as PARTS PER TON OF Dry CoAL 
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be deduced with the Ml confidence that, within certain limits, the results can also 
be obtained on a working scale For a full description of the method of operation 
and of typical results obtained by the apparatus, reference should bo made to the 
pamphlet already quoted. 

CORRELATION OF ASSAY AND FULL-SCALE RESULTS 

Further work on the correlation of the laboratory assay with the results obtained 
in retorts built upon a working scale is discussed in the Report of the Fuel Rcseaich 
Board for the years 1920 - 21 , second section ^ Table XIII gives a comparison of 
yields obtained m the low temperature assay and horizontal rcioits expressed as 
weights per ton of dry coal carbonised It will be seen that, in the cases of coke, 
liquor, ammonium sulphate and gas, the mean ratio is in tlie neighbourhood of 
unity , but that, m the horizontal retorts used at H M Fuel Research Station, the 
oil yield only averaged 60 per cent of that obtainable from the assay. It is, of 
course, not impossible that this ratio could bo laised by modifications in this pai- 
ticular plant There is undoubted evidence of cracking taking place, due to the fact 
that the vapour remains for some considerable time exposed to radiant heat, as well 
as being m contact with heated surfaces While some improvement is possible, the low 
ratio of tar yield is typical of the losses which usually occui in a full-scale plant. 
This emphasises the necessity of a reliable conversion factor between the results 
of laboratory testing and those obtained m large-scale operations, and shows the 
danger of accepting the estimates of the yields of the highly priced products of 
carbonisation which are based solely on the results of ordinary laboratory testing. 

^ Fuel Besearch Boaid Kepoit for the Years 1920, 1921 , Second Section “Low Temperature 
Carbonisation. ” (H M. Stationery Office ) 



CHAPTER VI 


NOTES ON THE CHEMISTRY OF CARBONISATION 

PRODUCTS 

INTRODUCTORY 


By the distillation of coal a large number of chemical compounds is obtained 
in the gas, hquor and tar , some three or four htmdred sutetanccs have been 
identified m the products of high temperature coal distillation, and doubtless many 
of these are to be found in the tar, etc , resultmg from low temperature distillation 
These substances, which do not occur as such m the coal, are formed cither by the 
thermal decomposition of the coal substance (primary products), or by decomposition 
of the primary products, or by chemical mteraction of the primary products with 
one another m the presence of incandescent coke The substances formed from the 
primary products may be called secondary products. It is not possible in such a 
work as this to give a detailed account of the chemistry of the individual substances 
which have been identified among the products of low temperature coal distillation , 
for such an account reference must be made to the standard works on organic 
chemistry. In what follows it is assumed that the reader has a Icnowledge of the 
outhnes of that science. 


In this section it is proposed to give classified statements of those bodies which 
are mdicated m the hterature as havmg been identified, together with a few explana- 
tory notes It must be remembered that much of the work upon low temperature 
carbonisation tars is of very recent date, and, consequently, the results m some 
cases are sM under discussion and may be subject to revision Further, the lists 
pven here by no means represent all the compounds present m low temperature 
are much investption remains to be done, and it is to be expected that their 
number ^ steadily increase. FinaUy, from the complex mixtures encountered 
hese tars, composed as they are of many substances chemically alcm to each 
wlf extreme difficulty to separate pure substances 


CLASSmCATION OF THE PRODUCTS OF LOW TEMPERATURE 

DISTILLATION 

A Hydrocarbons 

Compounds containmg oxygen 
Compounds contaimng sulphur 
Compounds containmg chlorme. 

Compounds contammg nitrogen. 

64 


B 

C. 

D. 

E. 
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In some cases these main groups are capable of subdivision, as we shall see later in 
dealmg with them in the above order. 


A. HYDROCARBONS 

The hydrocarbons may bo subdivided into the paraffins, ethylenes, cyclo- 
paraffins, acetylenes and benzenes ; not included in these groups are a number of 
other hydrocarbons to which reference will be made. 


1 Paraffins 

The following list gives the paraffin hydrocarbons which have been identified in 
low temperature coal distillation products . — 


Methane CH^ 

Ethane CgHg 

Propane C 3 Hg 

Butanes C^Hio 


n-Pentane C 5 H 12 


Paraffin Hydrocarbons 

• Frequently mentioned in the literature of the subject. 

( Pail and 01m, '' The Coking of Coal at Low Tem- 
peratuie,” Bulletin 79, Eng Bxpt Stat , Umv. of 
Illinois 

Schutz, Buschmann and Wissebach, Low Tem- 
perature Coal Tar and the Products of its Over- 
, heating” J3cr , 1923, 56, 1091. 


Mcthylbutane 

C 5 HX 2 - 

f Schutz, Buschmann and Wissebach, ‘‘Low Tem- 
perature Coal Tar and the Products of its Over- 
l heating.” Ber., 1923, 56, 1091. 

^i^-Hexane 

C«Hu \ 

f Parr and Ohn, and Schutz, Buschmann and Wisse- 
L bach, loo. ciL 

Mothylpentane 

Schutz, Buschmann and Wissebach, loc ciL 

yi-Heptane 


^ Parr and 01m, and Schutz, Buschmann and Wisse- 
L bach, loc ciL 

7i-Octane CgHig 

Decane C 10 H 22 

Sohd paraffins 

Schutz, Buschmann and Wissebach, loc. cit 

Fischer and Gluud. Ber., 1919, 52, 1053. 

Fischer and Gluud. Ber., 1919, 52, 1053. 


/M A 7 Eckard, “ Lignite Low Tem- 

(M. ir-t. 4/-/ ) 1 peratnre Tar.” Ber , 1923, 56, 918. 
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( Fromm and Eckard, loc. ait. ; Gluud, 
Ges. Abhandlungen zur Kenntms dcr 
Kohh 1917, 2, 301. 

(M* 4:4*^) Fromm and Eckard, he. cit 

' Jones and Wheeler, The Composition 
C26H54 or C27H5C ^ of Coal,’’ Trans. CJiem. Soc., 1914, 105, 
L 140. 


CgaH^a 62°) Fromm and Eckard, loc ait. 

C^^H^o Glmid, lx)c» ait. 

C32H60 (M Pt. 69 6°) Fromm and Eckard, loc. ait. 
C34H70 (M. Pt. 73°) Fromm and Eckard, loc. cit. 


Ab will be seen, this hst contains a number of members of the homologous 
series of paraffins, the general formula of which is CnH2„^.2* Structural isomerism 
commences at the butanes, of which there are two havmg the same empirical 
formula, C4H105 but different graphic formulae ; the two butanes thus have molecules 
of the same size, but the molecular architecture is different, and consequently the 
two substances are perfectly distmet. There are three isomeric pentanes, and, as 
we pass up the paraffin senes, the number of possible isomendes havmg one particular 
empirical formula rapidly increases. Thus there are no less than 355 possible 
isomers having the formula The higher members of the paraffin series 

(the solid paraffins, for instance), which have been identified m low temperature 
tars, in all probability consist of a number of isomendes which it would be extremely 
difficult, if not impossible, to separate from each other. 

The paraffins found in low temperature tars exhibit that regular gradation in 
physical properties which is characteristic of an homologous senes , there is, for 
mstance, a steady rise m density up to a maximum of about 0 78 as the senes is 
ascended. 

Chemically, the paraffin hydrocarbons are characteiised by their compaiative 
mertness. They do not readily react with other substances, and such activity as 
they possess decreases with mcreasmg molecular weight This is partly due to the 
fact that they are stable, saturated compounds, and consequently can only form 
new derivations by the replacement of one or more of the hydrogen atoms in tlieii 
molecules by other elements or radicles Thus they are not absorbed by bromine 
or sulphuric acid , fummg nitnc acid has little or no action on the lower inemberH 
of the senes, and other oxidising agents, such as chromic acid and potassium per- 
manganate, have similarly little effect Under suitable conditions chlorine and 
bromine interact with the paraffims, yieldmg halogen substitution derivatives, and 
the corresponding halogen hydracids are by-products. 
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2. Ethylenes 

The ethyleneB or olofiries arc uneaturated hydrocarbons having the general 
formula Those which have so far been identified in the products of low 

temperature distillation are as follows * — 


Ethylene 


C,H,. 



Propylene 


CaHe. 



Butylene 

Ja /3 

C,Ha, 

(CH, 

.CII CHa-CIIa). 

Butylene 

APy 

CA, 

(CHa' 

•CII-CH-CHa). 

Pentene (Amylcne) 



(CHa 

rCn-ClIa'CTis-CHa). 


The above compounds arc all members of the homologous ctliylene series ex.hibit- 
ing the characteristic gradation of physical properties ; up to and including the 
butylenes the compounds are gases , the amylencs are volatile liquids, and the 
boilmg-pomts of the succeeding members lise until at octadecylene (Cj^Hge) we 
reach a compound which is solid at ordinary temperatures (M. Pt 18 ° C.). 

In their chemical properties the ethylenes differ considerably fiom the paraffins 
Tlie former, on account of their unsaturated natuie, form a number of addition 
products Thus they combine diiectly with liydrogen to give paraffins, with 
halogens to give dihalogen derivatives of the paraflins, with lialogen liydracids to 
give monohalogen paraffin derivatives, and with sulphuric acid to give alkyl- 
euljffiuric acids, which aie soluble in water 

C2H4 + Ethane. 

C2H4 + Cla-^C^H^Cla Ethylene dichloride. 

C2H4 + TTI-^Cgllgl Ethyl iodide. 

C2H4 -k H2S04-->-02ll5HS04 Ethyl hydiogen sulphate 

In the absence of water ilie olefines also unite directly Avitli ozone, forming highly 
explosive ozonides of the geneial formula C,^H2,jOj which decompose m the 
presence of wat^r 

The olefines further differ from the paraffins in their tendency to polymerise, 
especially m the presence of such substances as sulphuric acid or zinc chloride 
Thus amylcne, C5H305 gives rise to polymendcs of the composition C10H20 and CgoHio 
Lastly, lb should be noted that the olefines, unlike the paraffins, are readily oxidised 
by agents such as chromic acid or potassium permanganate. 

3 Dioleeines 

Although possessing the structure and characteristics of the olefines, the group 
of hydrocaibons Imown as the diolefines have the same general formula, 

^ See Sohutz, Buschmann and Wissebaoh, Low Temperature Coal Tar and the Products of ita 
Over-heating.” Bcr , 1923, 50, 1091, 
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as tte acetylenes, to which reference is made below. Among the members of this 
group are * — 


Mene (propadiene) 

C3H4, 

CH^ 

: C • CH,. 


Divmyl (butadiene) 

C4H3, 

CH„ 

:CH-CH, 

• CII, 

Piperylene (pentadiene) 

CaHs, 

CHs, 

CH-CH. 

CII-CII,. 

Dialiyl 

CoH^, 

CH, 

CH-CH, 

•CH2-Cn:Cl],. 


Inspection of the formnlse of these hydrocarbons shows that in each of them the 
characteristic ethylenic linkage >0 : C< occurs twice ; the substances conH(Kj[uently 
possess the properties of the ethylenes to an enhanced degree, and aro not to bo 
regarded as acetylenes. According to Jones and Wheeler^ and Schutz,® (holofmos 
result from the low temperature distillation of coal. 


4. Acetylenes 

As mentioned above, the homologous series of hydrocarbons known as tlio 
acetylenes have the general formula Cj^H2n~2 senes includes tlio following 

compounds . — 

Acetylene CgHa, CH CH- B Pi - 82 "a 

AUylene (methylacetylene) C3H4, CH C-CHjj „ 23 5" C. 

Crotonylene C4H6, CHa-CC-CHa „ 27 " C 

Acetylene itself has been identified by Burgess and Wheeler^ as a inodiict of low 
temperature distillation. 

The acetylenes bemg still more unsaturated than the olefines, are cvc3n more 
reactive than the latter Thus, under suitable conditions they cornbiiK^ (lir(H)tly 
with two or four atoms of hydrogen or halogens, or with one or two moIt'cailoH of 
halogen hydracids . — 

C2H2 4 “ H2 C2H4 
C2H2 + 2 H 2 '^ C2H6 
C2H2 + Bi, ^ C2H0B12 

C2H2 + 2Br2->C2H2Br4 
+ HBr-^ CgHgBr 
C2H2 + 2 HBr-^C 2 H 4 Br 2 

In the presence of dilute acids the acetylenes combine with the eloments of wai-er 
m this way acetylene yields acetaldehyde, and allyleno gives acetono 

CH CH + HaO^CH^-CHO 
CH3C CH + H^O^-yCH^-CO-CHa, 

and Constituents of Coal.” Trana, Ghcm Soc , 1015, 107, 1010, 


Ethylene. 

Ethane. 

Dibi omethylcne 
Ethylene tetiabioimde 
Vinyl bi oinido 
Ethylene dibromulo. 
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The acetyleneB also imite directly with o^one, giving ozonides readily decomposed 
by water. The tendency to polymerisation shown by the ethylenes is still more 
marked m the acetylenes. Thus, on heating, acetylene polymerises to benzene 
(SCaHa-^'CeHg), and under appropriate conditions allylene becomes converted mto 
mesitylene (SCaH^-^OgHig). 

Those of the acetylenes which contain the group '-C CH possess the some- 
what curious property of forming metallic derivatives such as copper acetylide, 
Cu*0 : C*Cu, and silver acetylide, Ag*C C*Ag ; the acetylides of the heavy 
metals are dangerously explosive when dry. 

6. Naphthenes or Pabappenbs 

The general formula for this gioup 13 , like that of the ethylenes, , the 

molecules of these hydrocarbons are composed of varying numbers of -CHg- 
(methylene) groups, assembled m ring formation, and are hence Imown as poly- 


methylenes. The following are 

members of this senes 

CHa 

/\ 

B Ft 

Trimethyleno 

CHg— 

CIL— 

-CH2 

-CR 

. - 36° 

Tetramethylene 

1 

CHa CH2 

CHe CH2 

12° 

Pentamethylene 

/CH2 

CH2 CH2 

CH2 CHg 

/ 2 \2 

60° 

Hexamethylene 

CH2 

CH— 

/H2 

-CH. 

81° 

Heptamethylene 

(CH,)2 . 

117° 

According to Jones and Wheeler 

^ and Morgan and Sonle,® 

members of the naphthene 


series are found in the products of low temperature distillation ; while Pictet and 
Bouvier® claim to have identified naphthenes having the formulae OgHig, CiQpIao, 
Cx 2 pl 24 > ^^d OisHge. It should be noted that no substances are known 

^ Jones and Wheeler. “The Composition of Coal ” Trans. Ghem. Soc , 1914, 105, 140. 

* Morgan and Soule. “Examination of Low Temperature Coal Tars.” Journ. Ind. Sng. Chem.t 
1923, 16, 693 

® Pictet and Bouvier, Gompt. rend., 1913, 167 , 1436 , 1916, 160 , 629 and 926, 
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whicli contain more tlian nine carbon atoms united in ring formation ; tbe laet- 
mentioned compounds therefore doubtless have side chains, e.g. : — 


CioHao = 


-CHa- 

.CH,- 


-CH, 

-CH, 




CH,-CH»-CH» CH,. 


It is iDterestmg to note that cyclohexane (hexamethylene) can he prepared by 
tlie direct union of hydrogen with benzene m the presence of metallic nickel (the 
Sabatier and Senderens reaction) : — 


H 

HC CH 

1 11 

E,C CH, 

\ 1 

1 II + 3H„. 

HC CH 

H 

H^C CH, 

CH. 

Many hydrocarbons derived from benzene- 
larly reduced ' — 

-toluene, for instance, can be eimi- 

.C;-CH3 

HC CH , _ 

I jj + SHa 

^C^-CHs 

H,C CHg 

1 1 

nt ^CH 

H,C 

and ill this way deriva lives of cyclohexane are obtained 

Examination of the formulae of the members of this serieo of hydrocarbons shows 
that they are saturated substances ; the carbon atoms m then molecules are singly 


linked to each other. In their properties they show a marked resemblance to the 
paraffins, and they may consequently be called cycloparaffins , they differ very 
sharply from the straight cham olefines. Thus, unlike the latter, they do not form 
addition compounds with sulphuric acid and the halogens The hydrocarbons 
derived from cyclohexane are the commonest and best laiowix members of the 
cycloparaffin group 
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6. Cyclopentadiknbs 


Tlie hydrocarbon cyclopentadiene, Cgl-Ig, may be regarded as derived from 
cyclopentane by the loss of four atoms of hydrogen, thus : — 


9H, - CH,\ „ . 9H = CH\ 
Clla - ^ CH = 


Tliie compound lias been identiiied m high temperature coal tar^ and is said by 
Schutz, Buschniann and Wissebach^ to be also a product of low temperature dis- 
tillation Other cyclodieiies arc probably also present as, indeed, the above 
authors suggest Cyclopentadiene, which is a liquid boiling at 41° C , is a very 
reactive hydrocarbon whose general chemical nature is olefinic , it readily combines, 
for instance, with bromine. 


7. Benzene Hydrocarbons 

The following table shows the hydrocarbons of the benzene senes which are of 
importance fiom the low temperature distiillation point of view — 


Benzene CgHs 

M Pt. + 5 4° B. Pt. 

80“ 

Toluene CH* 

. . • J> 

111“ 

o-Xylene CHa-CJI.-CH, 

• • • 7> 

142“ 

itt-Xylcno ,, ,, 

• • • J> 

139 9“ 

;?-Xyleiic 

* • 

138“ 

Mchitylenc C«H 3 (CH 3)3 . 

• ) ? 

163° 

PHcudocumcnc „ 

J) 

169 8“ 

Durenc OcH 2 (CH 3 ), 

. * . ,, 

190“ 


There is considerable controversy as to whether benzene, toluene and the three 
xylenes are formed during the low temperature distillation of coal ; it seems 
probable iJiat they occur in very small quantity m isolated specimens 

Jones and Wheeler^ identified only toluene, and that in traces ^ Parr and Olin^ 
state that they have identified all these five hydrocarbons. Parr and Olin® 
add that mesitylene is possibly also present , while pseudocumcne has been identified 

1 Ba , 189(1, 29, 5o2. 

2 Sohuiz, Busclimann and Wiascbarh “ Low Tomporatmo Coal Tar and tho Products of its 
Over heating ’’ Bo , 1923, 56, 1091 

'* donoa and Whcolei “ Tho Composition of Coal ” Tmns Ghent Soc , 1914, 1D5, 140 

^ Of Pictet and Bouvier "Sur la Distillation do la Houillo eons Pression rcduite ” Oonipt. 
H'vd , 1913, 157, 779, Sehutz, Buschmann and Wisaobach “Low Temperaturo Goal Tar and the 
Products of its Ovei -heating ” Ba , 1923, 56, 1091 

^ Pair and Olin “ The Colang of Coal at Low Temperature ” Bull, 79, Eng Expt Sta., Umv. 
of Illinois 

® Pan and Olin, loc, tit. 
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by Weissberger and Moehxle ^ The autbors last mentioned also identified^ durene 
in a low temperature tar. 

Benzene (CeHg) is the simplest aromatic hydrocarbon ; in its molecule the 
carbon atoms form a six-membered ring, and each has attached to it a hydrogen 
atom. For a discussion of its structural formula the reader is referred to a textbook 
of organic cbemistry. Eepresenting its formula by the conventional hexagon, each 
angle of which portrays a carbon atom with one hydrogen atom attached to it, the 
formulae of the simplest members of this group of hydrocarbons may be written 
as follows: — 



Benzene Toluene 

niT HTT HTT 



CH3 CII3 

Mesitylene Pseudocumene Durene 


In these formulas the -“CHg groups each take the place of one hydrogen atom m 
the benzene nucleus. 

1 Weissberger and Moehrle “Low Temperature Tar OiV* Bimnatogchmme^ 1923, 4, 81. 

® Weissberger and Moehrle, loc, c%U 
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In chemical behaviour the benzene hydrocarbons are quite different from the 
other hydrocarbons we have already considered. The nuclear ring structure is 
very stable and persists unchanged m the presence of powerful reagents. These 
hydrocarbons are readily nitrated by strong nitric acid, and with concentrated or 
fuming sulphuric acid yield sulphonic acids — 

CoHe + HO -NOa 

Nitrobenzene 

CA+110 SOs-OH-^-H^O +C«H5 SO 2 OH 

Benzenesulphonic acid 

The hydrogen atoms of the benzene nucleus can be displaced, one by one, m this 
way, and mono-, di- and tn-derivatives are thus formed Benzene is extremely 
difiGicult to oxidise ; it is slowly attacked by potassium peimanganate yieldmg 
formic and oxalic acids. The homologues of benzene are, however, more easily 
oxidised, the side-chain being converted into a carboxyl-group, eg: — 

GAGli, + 30 -^CoTIsCOOH + H^O 

Toluene Benzoic acid 

Benzene and its homologues can be partially or completely reduced ; m the latter 
case hexahydrobenzene (cyclohexane) or its derivatives result. 

Chlorine and bromine react with the benzene hydrocarbons in two ways. Benzene, 
for mstance, when the reaction occurs in direct sunlight, yields the addition products 
CeHgCle and CgHeBr^} In diffused light, however, and in the presence of a halogen 
carrier (lodme or antimony trichloride), substitution products, such as CgHgCl, 
chlorobenzene, are obtained. Benzene and its homologues exhibit a number of 
other characteristic reactions which cannot be described here ; sufficient has been 
said to indicate the marked difference there is between them and the hydrocarbons 
already discussed. 

In the section dealing with the naphthenes it was pointed out that fully saturated 
six carbon rmg compounds could be obtained by the complete reduction of the 
benzene nucleus. Besides these fully saturated compounds a number of mtermediate 
reduction products may be formed , thus, from toluene, for example, dihydro- and 
tetrahydro-derivatives can be obtained, e g. : — 


CHs 


CHg 

1 

1 

c 

\h 

1 1 

and 

\h 

HM CH 

ITY 


H 2 C 

CH 2 
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Substances of the first type, namely, dihydro-m-xylone (CgHja)? dihydrotrimethyl- 
benzene (C9H14), dihydropseudocumeue (C9H14) and dihydromesitylene (C9H14), 
have been found in low temperature tar by Pictet and Bouvier.^ Again, Eckard^ 
reports that substances CiqIIiq and CnHgo are present , these possibly contain a 
tetrahydrobenzene nucleus. 

The chemical characteristics of the parent benzenes are considerably modifi.ed 
by the mtroduction of two or four hydrogen atoms ; they no longer behave like 
the benzenes, nor aie they fully saturated like the cyclohexanes previously men- 
tioned. 


8. Naphthalene Hydbocarbons 

The parent hydrocarbon of this group, naphthalene CjoHq, may be represented 
by the formula • — 


H H 

HC^ C CH 




H 


H 


Naphthalene itself is a crystalline solid at ordmary temperatures (M Pt. 
79 * 6-79 8° C. , B. Pt. 218 "^ C.) , it is peculiar in its high volatility and its 
capacity for dissolving large quantities of air when molten, which are given up 
on eohdifi-cation. Several authors* agree that, altliough the homologues ol 
naphthalene are present, naphthalene itself is absent from low temperature tars 
Weissberger and Moehrle,^ however, claim that it is present Naphthalene is 
formed by strongly heating a number of substances, and this has been given as 
the cause of its presence in ordinary coal tar 

Three homologues of naphthalene have been discovered m low temperature tars , 
a-methylnaphthalene and j8-methylnaphthalene were found by Fischer ^ These" 
substances may be represented by the following formulae : — 

1 Pictet and Bouvier Compt rend, “Sur lo Goudion du vide,” 1013, 157, 1430, “ 8ur lea 
Hydrocarbuics saturds du Goudron du vide,” 1915, 160, 629 

^ Fiomm and Eckard “ Ligmto Low Temperature Tar ” , 1923, 56, 948 

® Jones and Wheeler “ The GomposiUon of Coal ” T}ans Ghem Soc , 1914, 105, 140 , PaiT and 
Ohn “ The Coking of Coal at Low Temperature,” Bull 79, Eng Expt Sta , Umv of Illinois , Fiechci 
and Gluud JSrennstoffcliemie, 1922, 3, 67 

^ W- ’’ ' Moehrle “ Low Temperature Tar Oils ” B7ennstoffchemie, 4^, SI 

® i ■ ■ “ ■ ‘ and Zerbe “ On the absence of Naphthalene and the presence of Derivatives 

of Naphthalene in Tar obtained at a Low Temperature ” Bei , 1922, 55, 57 
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oils 


a-Methylnaphthalene ft Methyinaphtlialene 


The first is an oil (Setting Pfc — 22° C ; B. Pt. 241-242° 0.) ; the second is a solid 
(M Pt 32° C. , B Pt 241-242° C ). A third derivative of naphthalene, 1 . 6- 
dimethylnaphthalene, was reported by Weissberger and Moehrle.^ It is an oil with 
a faint odour (B. Pt. 265° C ), and its formula may be written as * — 


CH 



CH3 



The chemical characteristics of the naphthalene group are very similar to those of 
the benzenes, but a larger number of derivatives is possible ; thus, for example, 
two monosubstituted methylnaphthalenes are cited above, whereas m the benzene 
senes there is only one monomethyl-derivative, viz toluene The side-chains of 
the naphthalene homologues, like those of the benzene senes, are easily oxidised 
to form acids 

Weissberger and Moehrle^ have discovered a fully reduced naphthalene, deca- 
hydronaphthalene (CioHig), m low temperature tar. It is a liquid boiling at 187° C 
Its chemical properties resemble those of the polymethylenes. This substance can 
be prepared synthetically from naphthalene by reduction by means of hydrogen in 
presence of nickel.^ 


1 Weissberger and MOOM 0 “ Low Temperature Tai Oils ” Brennsioffchemie, 1923, 4, 81 ; also 
see Morgan and Soule “Examination of Low Temperature Coal Tars ” Jomn Ind. Eng Gliem , 
1923, 15, 093 

2 Weissberger and Moebrle “ Low Temperature Tar Oils ” Brennstoffchemief 1923, 4, 81 

3 Leroux. “ T6trahydrure et Decabydrure de Naphtalme " Com'pt rend , 1904, 139, 672. 
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H H 


r C CH 


1 II i 

+ 5 H 2 1 1 1 

% 


H H 

Hg Hg 


9. Other Hydrocarbons 

AntliraceDe (C 14 H 10 ) was discovered m ordinary coal tar by Fritzscbe m 1867, 
but was definitely stated to be absent from low temperature tar by Parr and 01m ^ 
It may be represented by the formula * — 


PI H 11 



It is a solid (M. Pt. 216^ C ; B. Pt. 361° C ), and is very similar to naphtbalene m 
its chemical properties Like the latter substance, it is formed pyrogenetically from 
a large number of substances, such as toluene, benzene, turpentine, oil, etc. 

Acenaphthene (C 12 H 10 ) occurs in ordinary coal tar in appreciable quantities, and 
was first found there by Berthelot m 1867 ^ It does not appear to have been 
detected in low temperature tar, but the fully reduced substance, pcrhydroace- 
naphthene, has been found by Weissberger and Moehrle,^ the boilmg-pomt of the 
latter substance being 235° 0. The formation of perhydroacenaphthalene from 
acenaphthalene may be represented by the equation : — 

^ Parr and Olin “The Coking of Coal at Low Temperature Bulletin 97, Eng Exp. Sta,, Univ. 

ef nbnois- 

a Berthelot, E f Chemie, 1867, 714 

® Weissberger and Moehrle. “ Low Temperature Tar Oils.” Brennstofjcheime^ 1923, 4, 81. 
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CHa CH 


2 



+ 5Hg 



Hz Ha 

C C 

I I 


HaC 








H, 




CHa 

CHa 


Dodocahydrodiphcnyl lias also been found by Weissberger and Moelirle. It is 
a liquid boiling at 236° 0 Synthetically it can be prepared by the reduction of 
diphenyl by the Sabatier and Sendorens reaction — 



H H 

/^\ /^\ 

ILC CH, H,C 

I r 1 

H,C CH, H,C^ ^ 

V "V 

Ha Ha 


CHa 

CEa 


Pluorene, CigHjQ 


CE 

T 


or 



, has been discovered in ordinary coal tar, 


CH. 


and is separated by means of its potassium salt (A G, far Teer- und Erdol- 
Industrie, D R.P. 124,150) It has not been found in low temperature tar The 
parent substance is a colourless crystalline sohd (M Pfc 115° ; B Pt. 296° C ) 
Perhydrofluorene, the fully reduced compound, has been found in low temperature 
tar by Weissberger and Moehrle ; it is a liquid boiling at 256-258° C 

Styrolene (CgHg) has not been stated to be present in low temperature tar, but 
is found m oidmary coal tar. Like other unsatuxated substances st 3 rrolene forms 
additive compounds with the halogens, etc, — 


--CH : CHo 


-j-Big 




CH Br CHgBr. 
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It is a liq^uid (B. Pt. G.) which polymerises on standing to form meta- 

styrolcne. 

Indene (CgHg) itself has not been found in low temperature tar, but the presence 
of homologues is claimed by Weissberger and Moehrle.^ The structure of this 
hydrocarbon may be represented as ' — 


CH 



CH 


CHa 


It IS a liquid (Setting Pt. — 2° C. , B Pt 181*3° C.), and was discovered in 
ordinary coal tar by Kramer and Spilker ^ It polymerises easily and exhibits the 
characteristic properties of an unsaturated compound. 


B. COMPOUNDS CONTAINING OXYGEN 

Water is always present m the pioducts formed during the distillation of coals 
which contain varying amounts of water hold mechanically , this, however, does 
not constitute the only source of the water produced ; it is also formed by the 
chemical reactions taking place in the retort 

The chief oxygen-contaming compounds with which we have to deal are the 
alcohols, aldehydes, ketones and acids. 


ALCOHOLS 


Three possible types of alcohols must be consideicd — 

(/'^) Primary alcohols, which have a hydioxyl-group directly attached to a carbon 

H 

atom which itself is attached to t^vo hydiogen atoms, i.e. R~~C^^OH 

of alcohol IS unimportant from the present point of view On oxidation it yields 


either an aldehyde R-C 




0 


or an acid R-C 


OH 

=0 


, according to the 


extent to which oxidation proceeds. 


^ Weissbeigci aiul Moelirle, Bteimsloffchemtc, 192314 , 81 
^ Kramer and Spilkar, Ba , 1890 , 23 , 3270 , 1909 , 42 , 673 
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(b) Secondary alcohols, in which the hydroxyl-group is attached to a carbon 


atom poesesemg only one hydrogen atom, i e. 




Few examples ol 


secondary alcohols appear to have been isolated from low temperature tar ; possible 
exceptions are the menthol-like compomids noted by Pictet and Bouvier, and the 
hydrogenated cresol by Pictet, Kaiser and Labouch^re. On oxidation, secondary 
alcohols yield ketones' — 


R- 




R- 


:C=0 + 2H20 


(c) Tertiaiy alcohols, in which the hydi'oxyhgroup is attached to a carbon atom 
having no hydrogen atom. Oxidation of this class of alcohol cannot be brought 
about without ruptui*e of the molecule. This is the most important type of 
alcohol m coal tar chemistry, if we regard phenol and the cresols as belonging 
to it. 

It should be noted that the hydroxyl-group, when directly attached to an aromatic 
nucleus, such as benzene or naphthalene, displays acidic properties , thus a sodium 
salt IS formed by interaction of phenol with sodium hydroxide. This property 
18 made use of in the separation of the carbolic oils ; they are obtained by the 
extraction of a fraction (more or less restricted in range of distillation) by means 
of sodium hydi oxide solution The sodium compounds, being soluble in water, 
pass mto the aqueous layer and can be recovered by the addition of acid. 
The separation of phenol from crcsol is based on the stronger acidity of the 
foimor. 

The following phenolic substances have been found in low temperature tar : — 


Siibatanco. 

M Pt. 

B Pt 

Phenol 

43° C. 

181° C 

o-Cresol 

. 30° C. 

188° C 

?n-Cresol . 

4° C. 

200° C 

2?-Cresol 

36° C 

201° C 

1.2. 4-XyIenol 

65° C. 

226° C 

Trimethylphenols 

— 

— 

Tetrametliylphenols . 

— 

— 

Pentamethylphenol . 

— 

— 

Catechol 

. 104° 0. 

246° C. 


Chemically these phenolic substances are very similar , throughout the series 
the hydroxyl-group exhibits acidity, this property being modified in degree by the 
influence of the methyl groups. The above substances may be represented by the 
formulae* — 
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CH3 

CH* 

OH, 

OH, 



/\ 




v 


\y 

\/ 




OH 

OH 

Phenol 

o-Cresol 

m-Cresol 

^3-Cresol 1 

:2 4-Xylenol 


OH 


OH 










\/ 



CH3 





Pentamethylphenol 


Catechol 



Phenol (CgHsOH) occurs m ordinary coal tar, but its presence m low temperature 
tar IS much disputed. Pictet and Bouvier^ support the view that it is not a product 
o£ low temperature distillation, but they state that they found it in similar tars 
which had stood for five years. Fischer^ states that phenol is not always present , 
but Morgan and Soule^ claim to have found it in tar from carbocoal. 

The latter authors found the cresols m the same material, and Jones and 
Wheeler^ claim that cresols are present m low temperature tars , Pictet and 
Bouvier^ detected them m tar that had stood for five years Gluud and Brouer** 
have also found cresols 

Xylenols {CqH-iqO) have been found by various authors ® Pictet and Bouvier^ 
isolated 1 • 2 • 4-xylenol from tar that had stood for five years. 

Trimethylphenols (C0H12O) have been identified in low temperature tar by 
Gluud and Breuer,^ Pictet, Kaiser and Labouchcre,® and Eckard ® 

The presence of tetramethyl and pentamethyl phenols is also claimed by Pictet, 
Kaiser and Labouchere ® 

^ Pictet and Bouvier. Compt rend , 1913, 157, 779 

® Pischer. Oes Ahh zur Kenntms der Kohle, 1918, 3, 89 ; Brennstofjehemte, 1920, 1, 31, 47 

® Morgan and Sonle ‘‘ Studies in the Carbonisation of Coal " Qhem Met Eng , 1922, 20, 926. 

* Jones and Wheeler “ The Composition of Coal ” Trans Ghem JSoc , 1914, 105, 140 

^ Cluud and Breuer Ges Abh zur Kenntms der Kolile, 1918, 2, 236 

® Moigan and Soule, loc cit , Fromm and Eckard “ Lignite Low Tomperaturo Tar ” Ber., 1923, 
66, 948 , Gluud and Breuer, loc eit , J ones and Wheeler, loc cit , Pictet, Kaiser and Labouchere* 
GompL rend,f 1917, 165, 113 ; Pictet and Bouvier, loc cit 
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Gluud and Brener^ have reported that catechol (o-dihydroxy-benzene) is present 
in low temperature tar. 

Besides the true phenolic substances a hydrogenated cresol, hexahydro-p-cresol, 
has been found by Pictet, Kaiser and Labouchdre.® By inspection of its structural 
formula — 

CH3 

n2C^ \ii2 

I I 

H2C .CH2 
IIOH 

it will be seen that this substance is a secondary alcohol of the cyclohexane senes. 
As such its nature is more that of an aliphatic alcohol than of a phenol. The sub- 
stance IS a liquid boiling at 174"^ 0. 


(' 


ALDEHYDES 

//JJ 

An aldehyde may be represented by the general formula R — where 

R may bo a simple chain radicle or a radicle of the benzene type In the former 
case the aldcliydic group displays great chemical activity Thus, for instance, 

acetaldehyde readily oxidised in the air to form acetic acid 

causes, by reduction, the separation of metallic silver from 

ammoniacal solution of silver salbs, and it further forms a number of additive 
compounds. 

In the presence of small quantities of acids or of certain salts, acetaldehyde is 
converted into a polymeride, paraldehyde (021140)3. Acetaldehyde itself has not 
been found m low temperature tar , but paraldehyde has been claimed to be 
present by Schutz.^ 

X Paraldehyde is a colourless liquid at ordinary temperatures (M. Pt. 12*6° 0. ; 
B. Pt. 124^ C.). It does not exhibit the reactivity of acetaldehyde. When dis- 
tilled with sulphuric acid, acetaldehyde is generated. 

1 G-luud and Breuer. Oes AM zur JS^entUnts der Kohle, 1918, 2^ 2S6 m »» » nArto 

a Morgan and Soule, he. ai , Fromm and Eokard “ Ligmte Low Temperature Tar. Ber. 1923, 
56 948 ' Gluud and Breuer, loc. cit ; Jones and Wheeler, loc ctL ; Piotet, Kaiser and Labouchere 
Lea Alcools et les Bases du Goudron du vide Gompt rend , 1917, 185, 113 ; Biotet and Bouvier, loo. at. 
* Sohutz, JBrennatoffehemie, 1923, 4, 84. 
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KETONES 

The general formula of ketones may be written asjj^C =0 It will be 

seen that they bear a close relationship to aldehydes, the hydrogen atom in the 
latter being replaced in ketones by a radicle such as — CH3, — CgHg or CgHfi. 
To some extent the properties of the ketones resemble those of the aldehydes ; but 
the former are not so easily oxidised, and consequently, in some directions, they 
are less reactive ; thus they are not capable of reducing alkaline silver salt solutions. 

Acetone (CHg-CO'CHg) is the simplest ketone, and was obtained from ordinary 
coal tar by Housler^ ; while methylethylketone (CH3‘C0’C2H5) was found in the 
same material by Schulze ^ Both substances have been found in low temperatuie 
tar, the first by Broche,^ and the second by Schutz, Buschmann and Wissebach ^ 

ACIDS 

Although acetic acid (CHg * 00011 ) and benzoic acid (C(}H5*COOH) have been 
identified in ordinary coal tar, no reference to these or other organic acids is made 
m the literature of low temperature carbonisation 

C. COMPOUNDS CONTAINING SULPHUR 

So far as the literature shows, the sulphur-containing compounds in the low 
temperature distillation products form no definite group or senes , brief reference 
is made below to the few individual substances which have been noted. 

Hydrogen Sulphide (H2S) Burgess and Wheeler^ note the occurrence of this gas. 

Carbon Disulphide (CSg) Jones and Wheeler® state that this does not occur m 
low temperature gas , but Schutz, Buschmann and Wissebach"^ claim to liavc 
found traces. 

Methyl Mercaptan (CHg-SH) and Dimethyl Sulphide (CHg)2S. Both these 
substances have been noted by Schutz, Buschmann and Wisfebach® as products 
of low temperature distillation The former, the first member of the group of 
thioalcohols (e g alcohols in which sulphur takes the place of oxygen), is an evil- 

' Housler Ber , 1895, 28, 488 

2 Schulze Ber , 1887, 20, 411 

Low Temperature Tar obtained from the Zeclie Turst Hardenherg Coal, and m particular, tlio 
content of Benzene, Phenol and Acetone Ba , 1923, 56, 1787-91 

^ Schutz, Buschmann and Wissebach “Low Temperature Coal Tar and tho Pioducis of its 
Over-heating ” Ber , 1923, 56, 1091 

^ Burgess and Wheeler “Tho Volatile Constituents of Coal” (Tians Chem Soc ^ 1015, 107, 
1916, and subsequent papers 

® Jones and Wheeler “Composition of Coal ” Trans CJiem Soc , 1914, 105, 140 

’ Schutz, Buschmann and Wissebach “ Low Tempeiatuie Coal Tar and the Products of its 
Over-heating ” Ber , 1923, 56, 1091 

® Schutz, Buschmann and Wissebach, loc cii 
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Bxnelling liquid, lighter than water, which boils at the low temperature of + 6^ C. 
The mercaptans are characterised by the formation of metallic derivatives, in 
which the metal takes the place of hydrogen. Thus ethyl mercaptan, or mercaptan, 
as it is commonly called (CgHs-SH) gives sodium mercaptide (Callg-SNa) and 
mercury mercaptide (C2H5S)2Hg. A tolyhmercaptan (0H3'0(jH4'SH) has been 
identified m low temperature tar by Schutz.^ 

In the thioethers, of which dimethyl sulphide is the first member, sulphur takes 
the place of oxygen m common ethers, e g. ethyl ether (02115)20, diethyl sulphide 

The thioethers form derivatives with certain metallic salts by direct addition 
(eg (02115)28 -HgC] 2), are somewhat readily oxidised and unite directly with the 
halogens , the tendency of the sulphur atom to pass from the di- to the tetra-valent 
state 18 the keynote to their chemical beliaviour. Dimethyl-sulphide is a liquid 
(B Pt 37 ° 0 ) having an unpleasant and, at the same time, ether-hke smell. 

Thiophene. O4H4S occurs in high temperature tars , its presence in low 
temperature tars is, however, problematical. ^ The substance is a colourless liquid 
with a famt smell resembling that of benzene, and boils at nearly the same tem- 
peiatnro ( 84 ° 0 ) as the latter Its strucfciiral formula is — 


HC CH 



HO CH 


\/ 

8 

and, toince the img-striicture is not composed excliiuvely of carbon atoms, it is 
known as a heterocychc compound When a minute quantity of thiophene is mixed 
with a few ccb. of strong sulphuric acid containing a crystal of isatin in solution, 
a deep blue coloration is developed , the colour is due to the formation of mdo- 
phenino, and the reaction is utilised as a delicate test for thiophene. In chemical 
behaviour thiophene does not in the least resemble the thioethers {mde sufra ) , 
towards reagenis such as sulphuric and nitric acids it behaves in a similar way to 
benzene and its derivatives. 

D, COMPOUNDS CONTAINING CHLORINE 

These can be dismissed by the brief statement that hydrochloric acid (HCl) 
and ammonium chloride (NH4CI) have been identified as products of low tem- 
perai-ure distillation by Jones and Wheeler.'"^ 

* Schiitz. “Low Tcmpeiature Tai ” Ber,, 1923, 66, 162 

2 See Morgan and Soulo Ghem and Met Eng , 1922, 26, 977 

® .Tones and Wheeler “ The Composition of Coal ” Titans Ghem Soc , 1914, 106, 140 
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E. COMPOUNDS CONTAINING NITROGEN 


So far as low temperature tars are coucerned, tlie nitrogenous substances winch 
have 80 far been identified are, with one exception, basic in character. The 
exception is methyl cyanide (CH 3 ON), which was identified by Schutz, Buschmann 
and Wissebach.^ Methyl cyanide, or acetonitrile, as it is more commonly called, 
is a colourless combustible liquid (B. Pt 82° C.). On heating with acids or alkalis 
it is hydrolysed, yieldmg ultimately acetic acid. 

CHa-CN + 2 H 2 O CHg-COOH + NH 3 . 

Under appropriate conditions it is reduced by hydrogen to ethylamine : — ' 
CH3CN + 2H2 CHg-CHg-NHg. 

Of the basic mtrogenous substances ammonia is the simplest ; many authors, 
e.g. Burgess and Wheeler, ^ refer to its occurrence. Its nature and properties are 
BO well known that a description of them here is unnecessary. The principal 
nitrogenous bases m low temperature tars to which reference is made m the literature 
are shown below : — 


CH 


CH A CH 


Pyridine OsHgN 
Picolme C5H4N(0H3) 


N 

Pyridine 


. (M.Pt-42°) 
. a-iaomer 

. p-iaomei 

I) j> ... y-isomer 

Ethylpyridine C5H4N{C2 Hs) . . a-isomer 

Oomdine (1 : 3 - 5 trimettylpyndme) 05 H 2 N( 0 H 3 ), 
Hydroquinoline. 

Methylbydroquinoline. 

Bthylhydroqiiinoline. 

Isohydroquinolme. 

Tolmdines CHg-OjHg'NHj , . o-isomer 

” » . . jw-isomer 


B.Pt. 

116 5“ 
129° 

144-147° 
142 5-144 5° 
148 5° 
172° 


199 7° 
203 3° 


- - • p-isomer (M. Pfc. 45°) 200 2° 

temperature Coal Tar and the Product, of its 

IWe’aSterpa^r'®®^®’'' Constituent, of CoaL” Trans. OUm. Soc., 1916, 107, 
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Pyridine. Jones and Wheeler^ found pyridine bases in low temperature tars in 
traces only ; while Morgan and Soule ^ (see also Eckard^) identified pyridine in the 
tar from carbocoah P 3 rridine is a colourless liquid with a peculiar smell ; it is 
freely miscible with water, and the solution is strongly alkaline. The substance is 
remarkable for its mdiflerence to chemical reagents. It is a tertiary base and 
forms salts with acids (e g. pyridine hydrochloride, CfiHgNjHCl), which are usually 
soluble in water 

Picolmes, The three isomeric methylpyridines are known as picolines ; their 
formulae are as follows • — 


/\ 

/^CH, 

CH3 

/\ 


\/ 

\/ 

N 

N 

N 

a-picolino 

^-picolme 

y-picohno 


The picolmes are liquids very similar m character to pyridme ; their occurrence 
has been noted by Morgan and Soule ^ and Eckard ® The three isomeric ethylpyridmes 
are also laiown, and again are similar m behaviour to pyridme ; the occurrence of 
these substances is recorded by Morgan and Soule ^ 

1*3 5 Collidine For the occurrence of this substance, see Gollmer.^ Its 


formula is ; 


CH. 



N 


Pictet, Kaiser and Labouchere^note the presence of a hydroquinoline and of an 
isohydroqumolme ; while methyl- and ethyl-hydroqumolme have been identified in 
low temperature tars by Morgan and Soule. ^ 

» Jones and Wheeler. “ The Composition of Coal ” Trans Ghem. 80 c , 1914, 105, 140. 

“ Morgan and Soule Ghem and Met 8 ng , 1922, 26, 926 

* Promm and Eckard “ Lignite Low Temperature Tar ” JBer,, 1923, 56, 948, 

* Gollmer “ Basic Compounds in Low Temperature Coal Tar ’’ Brennstoffchermei 1923, 4, 19. 

^ Pictet, Kaiser and Labouch^re Compi rend,, 197, 165, 113. 
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Toluidines. The formulae of the three isomeric toluidmes, which are methyl 
auilmes, are as follows — 

CHa 

CHa 

CHa 


X\ 


\/ 



o-toluidme 

m-toluidine 

p-toluidme 


Pictet, Kaiser and Labouchere^ record the presence of primary bases, apparently 
toluidmes, in low temperature tars. The toluidmes are the homologues of amlme 
(CgHgNH^), which they greatly resemble in all their chemical properties They 
are basic, neutralismg acids and forming salts which are frequently soluble in v/ater 
(e.g toluidine hydrochloride, OHg-CeH^-KHgjHCl) Their reactions are numerous 
and important. 

To complete the account of the nitrogenous basic substances it should be added 

R V 

that Pictet and Bouvicr^have stated that secondary bases (e g of the type -p ^NH) 
were present m tars which they exammed. 

^ Piotet, Kaiser and Labouch6re Oompi rend ^ 1917, 166, 113 

2 Pictet and Bouvier Oompt rend , 1913, 167, 779 , also J J Morgan and li P Soule “ Exami- 
nation of Low Temperature Coal Tara Ind Eng Chem , 1923, 15, 687-'91 



CHAPTER VII 


THE EFFECT OF HEAT UPON GOAL 
INTRODUCTORY 

Much experimental work has been undertaken to determine the efiects of heat 
upon coal, not only with a view to obtaining or deducing mformation upon the 
constituents in coal, but also as a guide to the commercial carbonisation of coal 
at various temperatures. It is desired in this chapter to consider the effect of 
heat on coal from the latter standpoint. 

The three principal products obtained by low tomperaturo processes of car- 
bonisation are coke, oils and gas, and the conditions must bo fixed so that the 
quality and quantity of the yield are optimum, with particular reference fco their 
total commercial value. It has already been indicated that, by increasing the 
temperature of carbonisation, the hardness of tlie coke and the yield of gas are 
m general improved, but that the quality of the gaseous products and the quantity 
of the oil are decreased For low temperature j)rocc8ses a compromise must there- 
fore bo effected in fixing the temperature of carbonisation. Tins must be high 
enough to leave only sufficient residue of volatile matter in the coke to ensure its 
ease in kindling and free-burnmg properties and, at the same time, not so low as 
to invalidate the strength of the solid residue. The temperature must not be so 
high as to reduce the rich quality of the gas or the optimum of the oil yield. The 
particular problems to be discussed in this chapter are therefore — 

A The most suitable temperature of carbonisation for low tem- 
perature processes. 

B The time required for carbonisation. 

C The amount of heat required for carbonisation 

A. THE TEMPERATURE OF CARBONISATION FOR LOW 
TEMPERATURE PROCESSES 

SOME RESULTS OF EXPERIMENTAL RESEARCH 

Coal IS a very complex substance, and the products of decomposition vary 
considerably when it is heated to different temperatures. As the composition of 
coal also varies over a wide range, it is impossible to make soimd generalisatious 
of the yield at any temperature which would be applicable to all typos of coal. The 
followmg results of experimental investigations m the laboratory on carbonaceous 
materials at various temperatures, but more especially the lower temperatures, will, 
however, first be considered. 

Bornstem in 1906^ published the results of researches on the low temperature 

» Bbmstem, E, Decomposition of Solid Fuels at gradually increasing temperatures,’* Journ, /. 
Gasbeleuohtung, 49, 627-30, 648-62, 667-71. 
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distillatioii of wood, peat and lignite The nltimate analysis of each material is 
given in Table XIV, and the composition of gas evolved at various temperatures 
is given m Table XV. 

TABLE XIV 


Ultimate Analysis of Wood, Peat, and Lignite 
IN Boenstein’s Expeeiments 




Wood 

Peat. 

Lignite 

Oarbon 


48-75 

43-76 

63-44 

Hydrogen . 


6 48 

416 

5 05 

Oxygen 


40 75 

24-57 

21-70 

Nitrogen 


0 63 

2-30 

0-83 

Sulphur 


0 08 

0-24 

0 45 

Ash . 


0-10 

7-94 

6 22 

Moisture 

« 

3-21 

17-03 

1-81 


TABLE XV 

Gases Evolved peom Wood Peat and Lignite (Boenstein) 


260‘’C-300‘’C 300° C— 360° C 360° C— 400° 0 400° 0 — 460' C. 



Lignite 

Wood 

Peat 

Lignite 

Wood 

Peat. 

Lignite 

Wood. 

Peat 

Lignite 

Carbon Dioxide 

91 i 

53-5 

89*2 

90*9 

55 0 

63 8 

69 6 

28*0 

65*4 

47 8 

Carbon Monoxide 

64 

27-7 

10 1 

7 6 

32 6 

7 2 

15 8 

29 0 

12 3 

161 

Methane 

14 

14*9 

— 

— 

79 

25 5 

3*2 

20 6 

25 4 

21*2 

Olefines 

0*7 

0-2 

0^3 

1 0 

15 

04 

2*5 

50 

37 

39 

Hydrogen 

03 

37 

03 

0*5 

30 

3 1 

88 

17 3 

31 

11*9 

Sulphur compounds 

— 

— 

— 

0*7 

— 

— 

06 

— 

— 

0*4 


Bornstein also carbonised eight samples of coal at a temperature of 450° C. 
The proportion of the products varied considerably, but the following may be 
quoted : — 

Ultimate Analysis of Moistuee-feeb and Ash-fbee Coal 
c H 0. N. S 

85-09 4 82 7-96 1-08 1-06 


Pbecentage Composition of Gases 

Corbon Dioiide Carbon Monoxide. Methane. Ethane Olefines Hydrogen. 

3-8 3 8 54-3 15 2 6-6 17-3 
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Unfortunately the quantity of the gases distilled from the substances investigated 
by Bornstein is not given. 

A further contribution to this subject has also been made by Porter and Ovitz ^ 
Ten grammes of non-cokmg coal (Illinois) and of coking coal (Pennsylvania) were 
progressively heated in an atmosphere of nitrogen to temperatures varying from 
390° C. to 1026° C , and the gases given ofi were measured and analysed. The 
ultimate analysis of the coals on a moisture-free basis are given in Table XVI, 
and particulars of the gases evolved are given in Tables XVII and XVIII The 
volumes of the gases evolved from the ten grammes of coal at the various tem- 
peratures are given in Tables XIX and XX and are shown m Pigs. 4 and 6. 


TABLE XVI 


Ultimate Analysis oe Illinois and Pennsylvania Coals 
(Porter and Ovitz) 



lUuiois 

Pennsylvania. 

Carbon 

67 87 

78 00 

Hydrogen . 

5 44 

5 24 

Oxygen 

19 47 

7 47 

Nitrogen 

1 34 

1 23 

Sulphur 

0 46 

0 95 

Ash . 

5 42 

7-11 


TABLE XVII 


Gases Evolved prom Illinois Coal 
(Porter and Ovitz) 


Temperature of furnace 


“C . 

500° 

600' 

Highest temperature 

reached in coal °C. 

390° 

480' 

Volume of gas evolved 
c c (from 10 grammes 

of coal) 

197 

535 

Analysis (calculated 
mtrogen free) * — 

CO, 

23 8 

76 

Illuminants 

65 

60 

CO ... 

16-5 

16 1 

CH^, O 2 H,, etc . 

49 5 

55 0 

H, . . . 

37 

16 3 


700° 

00 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

r — 1 

1100' 

585° 

085° 

811° 

920° 

1026' 


980 

1550 

2335 

2700 

3120 

64 

39 

25 

27 

18 

41 

33 

32 

3-7 

4-0 

21 1 

16 9 

16 2 

15-1 

16-1 

415 

34 4 

27-8 

231 

19 4 

26 9 

416 

51 3 

56-4 

68-7 


» Porter and Ovitz. “ The Volatile Matter of Coal ” Bvlletin I, U.S. A. Bureau of Mines, 1910, 1-56, 
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TABLE XVIII 

Gases Evolved feom Pennsylvania Coal (Poeter and Ovitz) 


Temperatrae of furna,ce 


°c. . 

500° 

600° 

700° 

800° 

0 

0 

0 

1000 ° 

1100 ' 

Highest temperature 

reached in coal ° 0 . 
Volume of gas evolved 

390° 

474° 

589° 

705° 

812° 

922° 

1010 ' 

c c. (from 10 grammes 
of coal) 

161 

718 

1220 

1723 

2080 

2900 

3530 

Analysis (calculateJ 





> 



mtrogen free) • — 

CO 2 . 

15-9 

42 

3'2 

20 

1 1 

1 2 

1-0 

Illuminants 

9 1 

7 1 

43 

45 

48 

46 

52 

CO 

78 

60 

63 

72 

74 

6 4 

7 3 

CH„ CgHe, etc 

63 3 

64 4 

55 8 

47 0 

33 2 

29 0 

26-3 

02 . 

39 

18 3 

30 4 

39 3 

53 5 

68 8 

60 2 


TABLE XIX 

Volumes of Gases Evolved from Illinois Coal in c c. per 
Ten Grammes 


Temperature ‘’C 

390“ 

4S0“ 

5S5° 

086° 

8U° 

930“ 

1026° 

CO, 

47 0 

40 7 

62 7 

60 5 

58 4 

72 9 

56 2 

Iliummants . 

12 7 

26 8 

40 2 

51 1 

74-7 

99 9 

124 8 

CO 

32 5 

86-1 

206 8 

262 0 

354 9 

407 7 

502 3 

OH 4 , CA, etc 

97 5 

294 2 

406 7 

533 2 

649 1 

623 7 

605 3 


73 

87 2 

1 

263-6 

643 2 

1197 9 

1495 8 

1821 4 


197 0 

1 535 0 

980-0 

1550 0 

2335 0 

2700 0 

3120 U 



TABLE XX 




Volumes of Gases Evolved : 

FROM Pennsylvania Coal 

IN C.C PER 



Ten Geammes 




Tempeiature °C 

390“ 

474“ 

689“ 

705“ 

812“ 

922“ 

1010“ 

CO, 

25 6 

30 1 

39 0 

34 5 

22 9 

34 8 

35-3 

Illuminants 

14 6 

61 0 

62-5 

77 5 

99 8 

133 4 

183-6 

CO 

12 G 

43 0 

76-9 

124-1 

153 9 

185-6 

257-7 

CH 4 , CaUfi, etc. 

102 0 

462 4 

680 7 

809 8 

690 6 

841 0 

928-4 

Hs 

62 

1315 

370-9 

677 1 

1112-8 

1705-2 

2126-0 


161-0 

718-0 

1220-0 

1723 0 

2080-0 

2900-0 

3530-0 
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All examination of the products of carbonisation at 600° 0. from typical coals 
in the low temperature assay apparatus described on page 60 has been made by 
Gray and King. In this method a 16-gramme sample contained in a glass tube 
was inserted to the full extent in the furnace at a temperature of 300° C The 
temperature was then slowly raised to 600° C during one hour, after which 
it was maintained at this level for a further period of one hour As a 

2W0 

1 



303 304 305 306 307 308 309 310 311 312 

Temperature 

Fig 4 — Volumes oe Gases Evolved ebom Illinois Coal 

small quantity of air is contained in the tube before the experiment commences, 
the gas samples are to a small extent contaminated with an. The mvestigators 
point out that — 

‘‘ This explains the presence of oxygen, the high nitrogen figures, and 
probably accounts for a portion of the carbon dioxide, as oxygen is freely 
absorbed by coal at temperatures much below the point of decomposition. This 
absorption of oxygen makes it impossible to arrive at the exact composition of 



Volume of Gas in cc evolved from fO Grams of Coal, 


LOW TEMPERATURE CARBONISATION 

the gas from the coal by deduction of the volume of air found by calculation, 
and the results are therefore reported m the form obtamed from the analyses. . . 

The authors go on to state that — 

The analyses were carried out over mercury in a Bone and Wheeler 
apparatus, to which was fitted a copper oxide tube for the direct determination 
of the hydrogen. The proportions of the saturated hydrocarbons were calculated 



from the results of the explosion analyses, assuming only methane and cihane 
to be present. Since it is practically certain that higher paraffins arc present 
to some extent, this assumption is not justifiable , but the close agreement 
between the volume of oxygen used up m the explosion and that theorei/ically 
required for the proportions of methane and ethane reported, mdicatos that 
propane and higher paraffins, if present, occur m relatively small proportion. . 

The proportion of nitrogen was arrived at by deducting from the tobal 
residual nitrogen the volume of the latter which had been added in the form 
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of air, to supply tte oxygen necessary for the combustion of the hydrocarbons, 
instead of representing it as the difference between the 100 and the sum of the 
other constituents, as is customary. The variation of the total from 100 repre- 
sents errors of analysis. The percentage of nitrogen reported in No. 6 is 
evidently low, as it falls somewhat short of the figure which is equivalent to 
3 per cent of oxygen.” 

The principal data obtained by Gray and Kmg are given in Table XXI. Their 
results, m common with those of the previous investigators, emphasise the high 
ratio of methane and higher parajBSns in gas produced by low temperature car- 
bonisation at temperatures of about GOO'^ 0. 

Eeference may also be made to a paper by Porter and Taylor^ in which are 
shown the yields of typical coals between the temperatures of 260° and 450° C. 

CRITICAL TEMPERATURES IN THE HEATING OF COAL 

Somewhat similar yields of gases to those of Porter and Ovitz have been obtained 
by Burgess and Wheeler ^ on samples of bituminous, semi-bituminous and anthracite 
coals. It appears from their experiments that the occluded gases are evolved up 
to about 200° C , that the evolution of the combined water commences at 200° 0. 
and tliafc the decomposition of the coal substance commences at about 350° 0 
This IS confirmed by some large-scale work at H.M. Fuel Research Station, when 
coal was raised to a temperature of 350° C. in a rotary heater. 

Vignon^ concludes that unsaturated hydrocarbons are evolved up to 600° C. 
but not beyond, and that methane and other paraffins form from 60 per cent to 
80 per cent of the total yield of gas up to about 800° C 

It is clearly established that there is a definite critical temperature between 
700° and 800° C, at which the evolution of hydrogen rapidly increases. This 
phenomenon has already been referred to (page 46, Chap IV), and its exact 
significance need not here be discussed. It is generally agreed, however, that 
secondary reactions on a large scale begin at this temperature. The secondary 
reactions are dne to the influence of heat upon the primary products of distillation 
previously formed, the tar being changed m character and diminished in quantity, 
and the gas being increased in volume but diminished in complexity and calorific 
value. This temperature of 700° C. may be considered the limit beyond which 

* Porter and Taylor “ The Mode of Decomposition of Coal by Heat.” Proc, Amer. Qaa Ina , 
Oth Annual Meeting Chem. See , 1914, 1-60 

» Burgess and Wheeler “The Volatile Constituents of Coal ” Trans, Chem Soc., 1910, 97, 1917- 
35, and 1911, 99, 649-67 “ The Distillation of Coal m a Vacuum ” Trana Ghem, Boo., 1914, 105, 

131-40 

® Vignon, L, “ Distillation Praction^e d© la Homlle.” Comptes Pendus Acad Bci., 1912, 166. 
1614-17 



TABLE XXI 

Low Temperatube Assay at 600° C. op Typical British Coals (Gray and King) 
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coal should not be heated in any process for low temperature carbonisation if the 
oils and gases are to possess the properties associated with the primary products 
of carbonisation. 

THE EFFECT OF THE OAEBONISING TEMPERATURE ON THE 
QUALITY OF THE COKE 

The effect of the temperature of carbonisation on the quality of the resulting 
coke is very marked for wide temperature ranges. The structure of the coke 
resulting from the carbonisation of the same coal at various temperatures has been 
examined by Cobb and Greenwood ^ In particular the specific gravity, porosity 
and weight of the resulting samples of coke were determined. The temperatuiee 
employed were 560^0., 860*^0 and 1100° C., corresponding to low temperature, 
gasworks and coke-oven practice respectively. The original coal had a specific 
gravity of 1*27. The specific gravity and porosity, as calculated from the ratio of 
actual coke volumes and interspaces, of the resulting coke were as follows ; — 



Tomperatme 

Specific GiaTity. 

Porosity 

A 

. 560° C. 

1 59 

44-7 

B . 

850° C. 

1 87 

52 5 

C 

1100° C. 

187 

48 


The differences are summaiised by the authors of the paper as follows . — 

(1) The total volume of coke A was 3 per cent greater than that of the oiiginal 
coal. Such swelling is the cause of much difficulty in low temperature 
carbonisation 

(2) Coke B was much harder than coke A, and the clianges in weight, porosity, 
etc., show that this hardening was accompanied by a thinning of the 
cell walls 

(3) Coke C had similar properties to those of a commercial sample of metal- 
lurgical coke The hardening in this case was accompanied by a thickening 
of the cell walls This circumstance is regarded as one mam difference 
between gas coke and hard metallurgical coke. 

THE TEMPERATURE OF CARBONISATION 

From the data hitherto published of the results of laboratory experiments it 
would appear that there is not yet definitely established a temperature lying 
between 360° and 760° C , for which it may be said that the yields of the products 
of distillation are an optimum. It is possible, however, that on a commercial plant 
for low temperature carbonisation the working range of temperature may fall within 

» Colbb and Greenwood “ Tlio Structure of Coke.’’ Journ. JSoc. Qhem. Ind , March, 1922. 
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narrow limits. The value of the gas, tar and coke must then be measured in terms 
of the quantity and quahty from an economic standpomt, while the practical diffi- 
culties of mamtenance and upkeep of the plant must also be borne in mmd. The 
effect of heat on the quality and strength of iron and steel at high temperatures 
must in particular be taken into account. It will possibly be found that a tem- 
perature m the neighbourhood of 600° C. is, on the whole, most suitable for the 
majority of commercial plants, though it may be desirable to heat certain coals 
to a higher temperature, say 650° C., m order to assist m the production of a 
compact coke. 

B. THE TIME REQUIRED FOR CARBONISATION 

THE TIME ELEMENTS IN THE CARBONISATION PROCESS 

It is essential from a commercial standpomt to have reliable information on 
the time required for the carbonisation of coal. The conditions under which 
laboratory experiments are performed are, however, so different from those which 
occur on any full-scale plant that it is very difficult to draw any conclusions of 
value for commercial application. Practical aspects of the problem of heating the 
material will be discussed in a later chapter. In this section the matter will be 
considered m a preliminary manner from the results of small- and medium-scale 
experimental work. 

Coal is a poor conductor of heat, and the time of carbonisation is influenced 
very largely by the method of heatmg, the shape of the retort, the thiclmcss of the 
charge, the size of the particles, the closeness of packing, the facilities for the 
escape of the vapours and many other important factors Whereas detached 
particles of coal when exposed to radiant heat can be carbonised in a few seconds, 
it has been found that the carbonisation of 20 grammes of finely ground coal in 
the laboratory assay apparatus of the Fuel Research Board is only compleLed 
when a temperature of 600° C has been maintained for at least twenty mmutes 
Apart, therefore, from the time required to transfer the heat from the heating 
medium to the charge, which is mfluenced by the method of heating, size of particles, 
etc , it would appear that there is a fuither time-element, due to the necessity for 
mamtaming the coal at the maximum temperature before carbonisation is com- 
plete. It IS scarcely to be expected that the varied and complex reactions which 
occur m a mass of coal heated to a temperature of, say, 600° C. can bo completed 
i mm ediately that temperature is attained, and an interval of time must elapse 
before the gases and volatile products can be removed from the charge Both the 
variables, rate of heatmg and rate of completion of the carbonismg reactions are 
dependent, amongst other factors, upon the ratio of the mass to the surface of 
the charge. 
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THE EFFECT OF THE TIME-ELEMENT ON THE YIELD OF GAS 

In connexion with the eficct of the time-element on the yield of gases, results 
of interesting experiments on a works scale are given in the Keport of the Fuel 
Eesearch BoardA In these experiments the variations in the rate of evolution, in 
the calorific value and the density of the gas at different stages of the carbonismg 
period were determined at a constant retoit temperature of 600"^ C 

The graphs of typical results on a time basis are shown in Figs 6, 7, 8 and 9. 
It will be seen that there is an initial rapid evolution of inert gas, probably chiefly of 
steam and carbon dioxide, although some of the effect observed is due to expansion 



Pic 0 — Cabbonisatxok iw Horizontal Steel Bbtobts of Langley Brights Coal 


of cold air which is admitted with the coal charge The rate of evolution then drops 
to a minimum at about 30 minutes, but later steadily rises to a maximum at about 
120 minutes, after charging, but is sustained for about 20 mmutes only. The peak 
in the curve of calorific value occurs at about hours after chargmg, where it 
reaches a value of about 1200 B.Th U , but it will be noticed that, after about 
21 hours, it drops very rapidly to about 700 B.Th U and less. The specific gravity 
starts at a maximum value, and drops steadily to a fairly constant figure at 2| hours 
and onwards. It thus follows that, from the standpoint of the yield of gas, there 
16 no advantage to be gained in “ stewing ” the coal for an indefinite period, since 

1 Fuel Besearch Board Beport for the years 1920-'! Second section. ‘‘Low Temperature 
■Carbonisation ” (H.M. Stationery Office ) 
a 
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lie increased quantity of gas to be obtained is small. Fig. 10 shows a typical gas 
ivolution curve for the laboratory assay apparatus for a similar coal to that from 
7 hich Fig. 8 has been obtained. It will be seen that these curves present a remark- 
ible similarity m shape. 

THE EFFECT OF THE TIME-ELEMENT ON THE STRUOTUEE 

OF THE COKE 

The effect of the time-element on the structure of the coke is of considerable 
mportance. This is discussed very fully m the report already quoted, and to 
vhich further reference should be made. It has already been pomted out that small 

1300 - 



Pig, 7 — Carbohisation in Horizontal Steel Retorts of Dalton Main Coal (Sample 1) 

etaclied particles of coal can be carbonised by radiant heat in a few seconds, but 
bat 20 graramee of finely ground coal are only carbonised in the assay apparatus 
^hen a temperature of 600® C is maintained for at least twenty minutes Thus, 
B the ratio of surface to mass is decreased, the ‘‘ time^element ” in carbonisation 
ecomes important. This has clearly an important bearing on the problem of 
irbonismg material in thin layers 

On the other hand, any attempt to take advantage of the rapid action of radiant 
3 at introduces certain undesirable complications when the coke is required for 
Dmcstic purposes. In the earlier experimental work at H.M. Fuel Eesearch 
nation, when coal was carbonised m shallow trays m the plant described on 
ige 220, it was found that the effect of the radiant heat from the crown of the 
eel retort was to carbonise the surface layers so rapidly that little or no general 
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fusion had taken place. This effect was so great that, in a layer of material one 
inch thick, the strength of the final coke was adversely affected. Although the 
disadvantage was obviated by placing a steel plate on the top of the carbonising 
mass, this solution of the difficulty was, of course, imdesirable from a manipulative 
standpoint It should be noted in passing that the reduction of the time-element 
by the utilisation of radiant heat would be of considerable advantage if the resulting 
fuel could bo used either in the form of powder or as the material in a briquetting 
process. 

In consequence of this experience a thicker layer of material was used and tho 



Fid. 8 — Carbonisation in Horizontal Steel Betorts or Dalton Main Coal (Sample 2) 

carbonising trays were divided mto square cells by means of grids made of half-inch 
steel strips, in order to assist m heat distribution by conduction and so compensate 
for the increased thickness of the coal mass. Blocks of fuel were thus prepared,, 
and those of three-inch cube were found the most satisfactory. Pive of the six 
sides of the blocks being in contact with the steel surfaces were smooth and glazed, 
the sixth side being rough. The high heat conductivity of the steel facilitated the 
flow of heat to the material in the centre, and so reduced the time of carbonisation, 
and the bloclis were found to be of uniform structure. Further useful information 
could be deduced from the fact that under these conditions the presence of a layer 
of finely powdered coke on the free surface gave evidence when the mixture of coal 



100 


LOW TEMPERATURE CARBONISATION 


employed was deficient in caking po\\er. Sucli blocks were adopted as the standard 
form of fuel produced by this particular process 

The efiect of the passage of volatile gases through the mass of coal is of import- 
ance, especially durmg the cementation period, i.e. during the period when the 
temperature lies between 350^ 0 and 450° C. 

During this period the material is very resistant to the passage of gas, and, 
while the effect of this may not be pronounced when the material is treated in 
thm layers, the effect when it is heated more or less m bulk, as in certain 



types of vertical retorts, may be very marked Consider, for example, the material 
in a vertical retort which is externally heated Owing to the pooi heat conductivii-y 
of coal, the zones of temperature from the walls inward may bo taken to vary 
somewhat, as shown m Fig. 11 The material m zone A being above tlio ccunontai/ion 
temperature has solidified and will be pervious to the gas. The material in zoik^ B 
being at the cementation temperature and m a plastic condition prevents tlie flow 
of gas from C to A or A to C As the heat is further transmitted to the coal, tJic 
plastic envelope travels towards the centre of the core. The fusing of the coal 
tends to resist the flow of the gases, forcing a large proportion of thoin to escape 
through the outer layers of material at the higher temperatures. In order to 
prevent the pressure within the retort nsmg unduly, and to facilitate the transfer 
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of heat to the mteriox by the medium of the carbonisation gases, it is desirable in 
such cases to use screened coal of uniform size, or to stop the expansion by other 
means, such as blending. 



Ttme, 

_ I J I 1 ! I 1 

Temp. 300 350 410 460 500 660 600 C. 

Fig 10 — Gas Evolution Curve in Low Temperature Assay Apparatus op 
Dalton Main Coal 

The effect of these aspects of the time-element on the carbonisation of coal at 
low temperatures is thus of gr.^at imj)ortance, and should be closely studied by 
those interested in the design of a full-scale plant 


THE EFFECT OF THE TIME-ELEMENT ON THE YIELD OF TAK 


The changes likely to be brought about by modifications in the elements of 
carbonisation are dealt with more fully in Chapter XIII. It is, however, desirable 
to note at this stage that the effect of the time-element on the yield and quality 
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Fig. 11 — Zones op Temperature inFxtbrnally Heated Vertical Retorts 


of tar IS roughly in conformity with its effect on the gas The influence of time 
IS bound up with the speed at which the tar vapours are removed from the heated 
zones ; thus, if their removal be very slow, the tar vapours will experience secondary 
decomposition, with the production of lighter fractions, gas, carbon and pitch. 
The yield of oils will be decreased, and the character of the bodies formed begms 
to change from paraffinoid to benzenoid structure. 
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Time has also another effect quite apart from changes due to prolonged heating 
of the oil which has already been formed and vaporised. During the carbonisation 
of coal there will be a period when tar formation is at a maximum rate, after which 
it falls off in somewhat the same manner as we have already seen in the case of the 
gas. That is to say, oils will still continue to be given off, but m rapidly diminishmg 
quantities As in the case of the gas generated, a moment will be reached when 
tar formation, while still continumg, will be so small as to render it unecononucal 
to prolong the carbonisation any further for oil production alone. In most practical 
cases, however, carbonisation is earned out at such a temperature that the evolution 
of tar is practically complete before the rate of evolution of gas has fallen to such 
a figure as would render it uneconomical to continue carbonisation. 

C. THE AMOUNT OF HEAT REQUIRED FOR CARBONISATION 
EXOTHERMIC AND ENDOTHERMIC REACTIONS 

The amount of heat required to produce the necessary chemical and physical 
changes for the carbonisation of coal is not large, but its economic importance 
varies accordmg to the method of carbonisation adopted 

The problem is one of extraordinary complexity, since the original coal is a 
heterogeneous material containing a large number of chemical entities which react 
together under the mfiuence of heat to produce solids, liquids and gases of equal 
complexity. When a reaction takes place between two chemical compoimds, heat 
is either absorbed or evolved If the reaction is accompanied by an absorption of 
heat it is said to be endothermic, while if heat is given off the reaction is termed 
exothermic Thus, if carbon is burnt in oxygen, according to the reaction 
'0+02= CJOg + 97,000 calories, heat is given off to the extent of 97,000 calories 
per gramme molecule of carbon dioxide formed The reaction is therefore accom- 
panied by a rise m temperature of the product, and is exothermic On the other 
hand, if carbon bo made to combine with hydrogen accordmg to the reaction 
20 + Hg = C 2 H 2 — 48,000 calories, heat is absorbed to the extent of 48,000 calories 
per gramme molecule of acetylene formed The reaction can only take place if 
heat is supplied, and is therefore endothermic This heat apparently disappears 
as such, but still remains as energy in the substance or substances formed, and this 
energy can be regenerated into heat units by suitable means 

THERMAL REACTIONS IN COAL AT HIGH TEMPERATURES 1 

In the carbonisation of coal we find exothermic and endothermic reactions 
taking place simultaneously These tend to balance each other thermally, and the 
net result is only exothermic or endothermic to a slight degree Work on this 
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subject has been carried out by Mahler^ m 1891, Euchene^ m 1900, Cousfcam and 
Kolbe^ and Schlapfer^ in 1908 and 1909, and Hollmgs and Cobb'* in 1914 and 1916. 

Mahler determined for a certain type of coal m his bomb calorimeter the heat 
of combustion of the coal, and also that of all the products of carbonisation, findmg 
that the latter was less than the former by some 459 B.Th U. per lb of coal, or 
about 2| per cent of the heat in the original coal. 

Euchenc compared the heat of formation of the distillation products with the 
heat balance of a retort setting, and for coal of a similar ultimate chemical 
analysis to that used by Mahler foimd an evolution of heat during the reactions 
of 114 B Th.U. per lb , or say 0-6 per cent. In his paper Euch^ne discussed 
observations made with three types of coal which differed in their content of 
oxygen and also in their volatile matter, all of which showed a liberation of heat 
during the distillation. The amounts apparently liberated in his experiments are, 
however, very small (always under 1 per cent), and are therefore of an order 
comparable with the probable percentage error of his experiments 

Constam and Kolbe, usmg the method adopted by Mahler, worked on typical 
English coals, and obtained figures for an evolution of heat varying between 6 pec 
cent for a Nottmghamshire coal and 2 1 per cent for a Welsh steam coal 

THERMAL REACTIONS IN COAL AT LOW TEMPERATURES 

The whole of the work mentioned above refers to the overall evolution of heat 
duiing a process where coal is distilled by subjecting it to temperatures which 
mcrease from atmospheric at the commencement to the temperature associated 
with high temperature carbonisation Little work of a quantitative nature has up 
to the present been attempted where the maximum temperature has been limited 
to those associated with low temperatiiie carbonisation Hollmgs and Cobb® have, 
however, compared the temperature changes which occur in a sample of coal when 
it is heated and distilled by a definite inflow of heat with those which occur during 
the lieating of a similar sample of inert material by a similar inflow. In this way 
they have succeeded m tracing the course of the exothermicity or endothermicity 
of the reactions which take place afc the different temperatures. Bituminous coals, 
anthracites, cannel and cellulose were examined, and they were able to detect 

^ Mahler, A. “ Sur la DiatiHation de I’Houille ” Gomptes JRendti^, 1891, 113, 862, 

2 Euch(!5no “Thermic Boaotions in the Distillation of Coal ” Journ Gas Lighting, 76, 1080, 1900 

3 Constam and Kolhe “ Researches on the Carbonisation of Typical English Coals ” Journ of Gas 
Lighting, 107, 696, 1909 

Bchlapfer “ Study of the Carbonisation of the Chief Types of Coal ” Journ of Gas Lighting, 103, 
382, 1908, 1909 

^ Hollmgs and Cobb “ A Thermal Study of the Carbonisation Process ” Gas Jouin,, 1914, 126, 
917 , Tmns Cham Soc , 1916, 107, 1100 , Fuel in Science and Practice, Nov , 1923 

0 Hollmgs and Cobb A Thermal Study of the Carbonisation Process ” Gas Journ,, 126, 917, 
1914 , Tians Ghem. Soc , 1915, 107, 1106 , Fuel in Science and Practice, Nov , 1923. 
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a number of fairly well-defined stages dnrmg wbich exothermic or endothermic 
reactions predominate.” In their summary Hollmgs and Cobb state • In the case 
of the Monckton coal used, the distillation, so far as it is revealed by thermal 
changes, commences at 250° 0., and endothermic reactions predominate up to 410° C. 
This IS followed by a short exothermic stage between 410° C and 470° C , and a 
second endothermic period between 470° C. and 610° C. The exothermic stage 
above 610° 0. is always very pronounced, and is mterrupted between 750° C. and 
800° 0. The probability that exothermic reactions contmue to some higher tem- 
perature has already been discussed.” 

It will be seen then that, although the overall reactions associated with high 
temperature carbonisation appear to be exothermal, it does not follow that this 
will apply to the results of a low temperature carbonisation method. If the tem- 
perature be limited to 600° C. in the case of the coal used by Hollmgs and Cobb, 
we have endothermic reactions commencmg at 260° C and contmumg until 610° C , 
with a break between 410° C and 470° C., durmg which there is a short exothermic 
stage. For this coal, at any rate, it is possible that the overall reactions during 
low temperature carbomsatxon may be either neutral or slightly endothermic 
It may, however, be pointed out that m most of the coals which have been tried 
under low temperature conditions at H M. Fuel Research Station the potential heat 
in the products after cooling to datum temperature has been less than the sum of 
the potential heat in the raw coal and the sensible and latent heat of any steam 
used. It must not he forgotten, however, that the results of such determinations 
include the sum of all the errors made in the necessary measurements 

In large-scale work, where experimental conditions are necessarily more crude, 
the efiect of heat loss by radiation, etc , which cannot be directly measured is so 
great as to obscure the relatively smaller effect of the heat balance of the reactions 
which take place in the coal substance 

THE HEAT BALANCE SHEET IN PRACTICE 

Consider the heat balance sheet for coal carbonised in a large-scale plant at 
any given temperature On one side we have all the heat entering the system, 
this bemg the sum of the potential heat of the coal, the heat both sensible 
and latent of any steam used, and the heat supplied by the combustion of the fuel 
burnt m the setting On the other side we have the potential heat in the products 
— coke, oil, gas and liquor — after they have been cooled to the datum temperature, 
the heat both sensible and latent of these products as they are removed from the 
retorts and which has been mainly abstracted in the condensmg and cooling plant, 
the heat present in the products of combustion of the fuel burnt as they leave the 
setting, and the heat lost from the setting by radiation, conduction and convection 
to surrounding bodies. 
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If all of these were capable of aecurate measurement the two sides of the account 
would balance In practice even with the most careful measurements a balancing 
figure would be required which would represent the algebraic sum of the errors 
made in the separate measurements, While experiments have been attempted 
m high temperature practice with an approximation to the degree of elaboration 
quoted above, there has as yet been no such work carried out for low temperature 
processes. 

If again we consider the heat balance sheet for the retorts only, we have on one 
side the potential heat of the coal, the heat both sensible and latent of any steam 
used and the heat which has passed through the walls of the retort from the heating 
chambers. On the other side we have the potential heat in the products of carbonisa- 
tion after cooling to datum temperature and the heat both sensible and latent of 
these products as they leave the retort 

It IS often necessary when considering the design or application of any type of 
retort to form some opinion as to the amount of heat which it will be necessary 
to supply to the setting in tbe form of fuel burnt On one side of the heat account 
for the combustion chambers we have the potential heat supplied to the setting 
whilst on the other side we have the heat passing through the retort wall to the 
charge, the heat lost in radiation, conduction and convection and the heat both 
sensible and latent in the products of combustion as they leave the setting Of 
these an estimate of the loss by radiation, etc , may be made from analogies with 
plant of a similar nature 

With regard to the heat which must be passed through the retoit walls to the 
charge a consideration of the retort heat balance will show that this can be obtained 
by subtracting the sum of the potential heat in the coal and the sensible and latent 
heat of any steam coal used from the sum of the potential heat in the products after 
cooling to datum temperature and the sensible and latent heat of the products of 
carbonisation as they leave the retort 

In practice the potential heat in the products is less than that in the coal and 
steam charged, and the following examples of the difierence as obtained from two 
types of plant arc quoted from experimental work at H M Fuel Research Station 

Honzontal Retorts (described on page 220) 5-8 per cent of potential heat in coal. 

Verhcal Retorts (Technical Paper No. 7, Fuel Research Boaid). 1 3-3*7 per cent 
of the sum of potential heat m coal and in steam supplied. 

If, then, figures of this magnitude are subtracted from an estimate of the sensible 
and latent heat of the products as they leave the retorts an idea can bo obtained of 
the heat which must be supplied through the retort wall m order to effect the process. 
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aupplied with heat tlirough the walls of the retort, i.e. the hot fine gases or the 
flames from the source of heat do not come in contact with the charge withm the 
retort. In the case of the internally heated retorts the material to bo carbonised 
is heated by diiect contact, 1 e by passing the hot gases or other substances into 
the retort and bringing them into intimate contact with the charge. The differences 
brought about by these alternative methods are so great that ib is essential to discuss 
them in some detail. Before doing so, however, it will be desirable to consider 
some points affecting the size of material employed lor pioccsscs of low temperature 
carbonisation. 

SIZE OF MATERIAL 

There is great variation in the sizes of maberial which inventors have attempted 
to use m the different piocesses of low temperature carbonisation put forward by 
them The maximum size for certain proposed installations is given as inches, 
but for others only { mch or even less In one process, which at the present time 
gives indications of great promise, the most desirable size is given as double or 
treble nut, the finer sizes being screened out In most cases, however, especially 
when blending is adopted, it is advantageous to have the material crushed, so that 
the pieces have a large suifacc in pioportion to their volume The weight of a 
given volume of the material is increased by its fine division, the mixing can be 
made more iiitmiato, and the resultant coke is improved both in density and 
robustness 

Many experiments have been earned out at HM Fuel Research Station to 
determine the influence of the size of material on the late of its carbonisation in 
trays in exteinally heated retorts, and on the robustness of the resulting coke It 
was found that coal crushed and left on a 4-meBh sieve did not give a satisfactory 
coherent coke. It could be broken down very readily, and would not be suitable 
for transport On the other hand, by leaving the dust and finer particles m the 
crushed coal, the resulting coke was much more robust It was found that the 
thermal conductivity of the material was also improved. In the experiments on 
low temperature carbonisation described in the Report of the Fuel Research Board^ 
the standard of fineness was taken to be that of crushed material which had been 
passed .through a dismtegrator of the double cage type. Table XXII taken from 
that Report gives the typical proportions of particles of various sizes after disin- 
tegration m this machme 

The best degree of fineness for material to be carbonised m certain types of 
continuous vertical retorts is not, however, the same as that for material carbonised 
in trays in a lionzontal retort Similar experiments to determine the best size of 
material for carbonisation at low temperatures in one type of externally heated 

' Report of the Fuel Research Board for the years 1920, 1921 ; Second Section : “ Low Tempera- 
ture Carbonisation ” (H.M. Stationery Office ) 
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vertical retort, where gravity is relied upon to secure the continuity of the process, 
are described in a further Report of the Board. ^ Two retorts were charged with 
disintegrated coal and two with uncrushed coal (nut size) The uncrushed coal gave 
good results, whereas the disintegrated coal did not apparently move imiformly 
down the retort. 


TABLE XXII 

Typical Peoportion op Particles of Various Sizes used in Experiments 
AT HM. Fuel Research Station 


Passing 4 mesh and remaimng 

on 10 mesh sieve . 

24 per cent. 
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The weight per cubic foot of Dalton Mam coal so treated was 49 lb 


but formed a hard crust, which moved slowly down the walls and allowed partially 
carbonised coal to pass more rapidly down the centre. The size of coal successfully 
used m the experiments described in this Report was — 

Amount remammg on 1-inch sieve 20 4 per cent 

„ „ „ -|‘inch „ 73 8 

» ,, n i-iHch „ 89 5 

passmg J-mch sieve . 10 5 „ 

It should be noted that, m the vertical retorts used in the Scottish shale iiidustTy, 
the shale is passed through m lumps of fairly definite size In such cases t]u‘ op(‘n- 
ness of the material undergoing carbonisation allows the free play of conve(;tioii 
currents, and so facilitates the passing of heat to the interior of tlie chaige, with 
the result that a more uniform distillation is effected It will be seen tlien that 
the results of experiments with coal in vertical retorts at H M Fuel Research Station 
are quite m keepmg with the long experience of the shale oil mdustiy. 

Experiments on the effect of the degree of fineness of coal m high temperature 
practice have also been made by Mr T Biddulph Smith ^ Matciial of tfie thiec 
degrees of fineness given m Table XXIII was carbonised m a coke-oven under 

^ Fuel Research Board Tech Paper No 7 ** Preliminary experiments in the Low Teniperatuio 

Carbomsation of Coal m Vertical Retorts ” (H M Stationery Office ) 

* Biddulph-Smith, T. “ Effect of some Physical Conditions during Carbonisation of Coal upon 
the Quahty of Coke Produced ” Coke Oven Managers’ Assn , 19th Apiil, 1922 
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similar conditions, and the strength of the resulting coke measured. These readings 
show that the gain in the strength of the coke obtained from finely ground material 
IS very great, although m this case it must be pomted out that the coke, being 
made at a high temperature, was for use in a blast-furnace, and not m a domestic 
fire-place 

TABLE XXIIl 

Strength of Coke op Varying Degrees op Fineness (Biddulph-Smith) 



No 1 

No 2 

No 3 


Per Cent 

Per Cent 

Por Cent. 

Between 1 m and } in 

Nil 

Nil 

36 5 

Between ^ in. and -fV in 

Nil 

37 

27 0 

Between xV HI andT^Vm 

Nil 

518 

31 3 

Between and 

Nil 

29 5 

2 9 

Between in. 

Nil 

10-0 

18 

Under xV 

100 

50 

05 


100 

100 

100 

Crushing stress of the resulting 




coke — lb per sq in 

1003 

595 

212 


The effect of the subdivision of the material on the homogeneity and porosity 
of the coke is of great impoitance Reference may be made in this connexion to 
the results obtamed by Sutcliffe and Evans on the briquetting and carbonisation 
of pulverised fuel In the process developed by these inventors finely ground coal 
18 briquetted cold by subjectmg it without any added bmder to a pressure of 10 tons 
per square inch The coke obtained on caibonising the briquettes is more dense 
than ordmary gas or metallurgical coke, and its homogeneity is remarkably good. 

Such a treatment before carbonisation renders it possible to combme the 
advantages of hardness and closeness of texture associated with the use of finely 
divided material with those advantages more usually associated with tlic use of 
material m the lump form 

These do not, however, exhaust the considerations which tend to determine 
the size of the material for particular processes The cost of grinding the material 
into fine particles is of great importance. Moreover, m cextam cases — ^for mternally 
heated vertical retorts, for example — ^there must not be too large a proportion of 
fines,” otherwise the material tends to pack in the retort, and mechanical means 
may have to be adopted to secure the contmuity of the process. In addition, the 
evolved gases cannot pass freely through the retort and tend to form channel ways 
through the material, thus preventing the uniform coking of the charge. It must, 
however, be counted a disadvantage in connexion with any process if it rejects 
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tte fine coal, since the working costs are simultaneously increased by the non- 
utilisation of a portion of the fuel available. 

Whether the retorts are externally or internally heated, the heating effect of 
the gases evolved from the material is of some importance m reducing the lime 
of carbomsation. In vertical retorts part of the carbonisation is effected by the 
hot gases from the lower parts passmg up through the mcommg charge This 
effect is perhaps more noticeable with those coals which produce large quantities 
of gas It IS desirable that the material should not be in such a condition that 
on carbomsation the gases of distillation are restricted in their freedom in passing 
through the material. 


A. EXTERNAL HEATING 
PROBLEMS OP EXTERNAL HEATING 

■\Vhen the heating is effected externally, the hot flue gases are circulated round 
the body of the retort, and the heat is transferred through the walls to the charge 
withm The retorts used in the gas mdustry are of this type, and it is probably 
on this account that the great majority of the proposed retorts for low temperature 
carbonisation are m the same class. It should be added that the minority, the 
internally heated type of retort, form a small but important class. 

TRANSFERENCE OP HEAT 

In the following discussion on the question of transference of heat to the cliaige,. 
the influence of the thickness and of the material of the retort walls will not be 
taken mto consideration There is m every externally heated retort a certain 
temperature drop between the outside and the inside surfaces of the retort, but 
reference will be made to this m a later section It is desiied at this stage to discins 
the heat transference from the mner surface of the retort to the material which m 
being carbonised. In this transference, conduction, convection and ladiation play 
important parts. 

It IS known that coal is a very poor conductor of heat, though it is difficult to 
give precise data for its conductivity or non-conductivity The thermal conduc- 
tivity of metals and some other substances can be fairly accurately detei mined, 
but that of coal and carbonaceous materials m general cannot be precisely obtained. 
The physical characteristics and chemical composition of coals vary considerably , 
and, more important stfll, chemical and physical changes occur at even lelativdy 
low temperatures 

Apart from these variable features, the coal in practice is bioken mto small 
pieces before bemg fed into the retort, and the unlmown variations in the in lei - 
stitial spaces are a further difficulty m determmmg precise data on the rale of 
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heat traneference through the coal The influence of tightness of packing is well 
illustrated by some experiments made by one of the authors on the apparent 
conductivity of r'lag wool contained between two plates of sheet iron. If the wool 
were packed solidly, so that its apparent density approached that of the solid slag 
of which the filaments of the wool are composed, we should expect the conductivity 
to approach that of slag, and therefore to be high. Again, if the space between 
the two plates contained no slag wool, there would be fiee play for convection 
currents, and the flow of heat from plate to plate would again bo high The effect 
of the wool (the material of which is an excellent conductor of heat) is to prevent 
the free play of convection currents, and so we get little heat passing. Fig 12 
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Fig 12. — Effect op Density of Slaq Wool Steam- 
Pipe Covering on Heat Loss 


illustrates the effect of varymg the density of packing On the left-hand side of 
the diagram the packmg is light, and convection currents arc insufficiently repressed. 
On the right-hand side of the diagram there is little convection, but the heat is 
transferred readily by conduction through the material of the wool At the centre 
we find a point of minimum apparent conductivity corresponding to a density of 
packing of 10 lb per cu ft 

A similar effect is to be expected, and mdeed can be observed, in the case of 
coal of varying fineness, but exact figures are not at present available Calculations 
on the flow of heat through the coal are accordmgly based on works experience 
rather than on laboratory experiments. It is found that the time of carbonisation 
of a charge is affected not only by the mode of heating, but also by the si^e of the 
material and the thiclmess of the layer employed. 
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In this connexion some experimentB are published by Mr. Nielsen^ which illus- 
trate the slowness with which heat passes to the interior of a fairly tightly packed 
charge. A slab of coke from coal slack, about 3 inches thick, carbonised by being 
heated on one side only for about six hours m an externally heated vertical retort 
at a temperature of about 600^^ C,, was carefully divided into four sections, parallel 
to the retort wall. The percentage of volatile matter in each section v/as deter- 
mined separately, and the results are shown plotted in Fig 13 It will be seen 
that the volatile matter vanes from 10| per cent near the retoxt wall to about 


MOJo ! 



o 20 40 60 30 

Thickness In m.m of Coke In Retort 
measured from Retort Wall. 

Fia 13 — Percentage oe Volatile Matter left in 
Low Temperature Coke (Externally Heated 
Retort) 

13|- per cent at the centre of the charge That is, m a given time the material 
near the retort walls is carbonised more than the material at the centre of the 
charge. This lack of uniformity in the carbonisation must be attributed mainly 
to the slow rate of heat transference across the coal. 

A report of the Fuel Eesearch Board^ recently published gives an account of 
some mterestmg observations of the temperature conditions in a Glover-Wcst 
retort m which experiments in carbonisation at low temperatures were being con- 
ducted The charge consisted of a mixture of a strongly swellmg coal (MitcheU 
Mam) with a non-s welling coal (Ellistown Mam) in the proportion of 60 per cent 

1 Nielsen, Harald “ Producer Gas for Furnace Work ” Engineering, 24tli March, 1922 

* Fuel Research Board, Technical Paper No 7 ” Preliminary Experiments m the Low Tempera- 

ture Carbonisation of Coal m Vertical Retorts ” (H.M. Stationery Office ) 
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of the former to 40 per cent of the latter, this mixture having proved to give a 
satisfactory coke on carbonisation at 600° C. in the horizontal retorts at H.M. Fuel 


Top of Casting. 



Fig 14 — DisTRiBirTioN of Temperature in No 2 Vertical Retort 
DURING Low Temperature Carbonising 

Research Station A thermocouple was inserted m a long metal tube extending 
down the centre of the charge m the retort, and leadings were taken at pomes 
2 feet apart. The graphical representation of the results, given m Fig 14, are 


H 



LOW TEMPERATURE CARBONISATION 


1 14 

reproduced from the Eeport by permission of H.M. Stationery Office. The following 
conclusions from the graphs are also given m the Eeport * — 

With no eteammg the temperature at the centre of the retort rises very 
slowly, while the coal traverses a distance of 12 feet Thereafter it rises mere 
rapidly for 5 feet, and then very rapidly at a distance of 16 feet, or 3 to 5 feet 
from the base of the retort At the base it finally almost reaches the temperature 
of the combustion chamber immediately opposite 

“ With steammg the rise of temperature is more rapid, an accelerated rise 
bemg obtained at about 10 feet from the top The maximum attained is not so 
high by about 100° C. as with no steam, but appears at a level fully 2 feet 
higher in the retort. 

“ The tendency for the coal to hang up in the retort,s for short periods, and 
then travel rapidly down for a short distance, causes a good deal of unccitamly 
m such temperature measurements, and it is only by continued poking that 
even reasonable results are obtainable ’’ 


TEEATMENT OF MATEEIAL IN THIN LAYEES 

The fact of the slow rate of heat transference through coal is reflected in one 
of the primary prmciples m the designing of externally heated retorts, viz tliat 
the material must be treated m relatively thin layers. There is a certain amount 
of experimental justification for assuming that the time required for portions in 
the interior of a mass of coal to be heated to a temperature willim a few degiecs 
of that of the heating surface vanes roughly as the square of the distance horn 
that surface of the portion considered. If therefoie the flue temperature is kept 
constant, the time required to carbonise a mass of coal 12 inches thick is four times 
that required to carbonise a mass 6 inches thick, and even then the degree of 
carbonisation will not be unifoim. 

The bearmg of this on the economics of the process lies m the fact tliat tilu* 
throughput of a retort vanes directly as the mass of charge, and inversely as the 
time of carbonisation. The throughput of a retort is a very important cornrrK^uial 
consideration, and should be a maximum, so long as the products of carboiiisation 
do not suffer thereby In order to minimise the time of carbonisation ilicie is 
therefore an upper limit of possibly 6 mches, to the desirable thicloiosB of the cliargo 
within a retort, if the heatmg is to be effected solely by conduction from the out( 5 r 
surfaces, and if a commercial throughput is to be maintained. Many devices have 
been used, such as the subdivided trays of the Fuel Eesearch Board and, as the webs in 
the Tozer retort, whereby the mass of material withm the retort is biokon by metul, 
which allows an increase in the cross-section of the retort without increasing the 
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thickness of the mass to be carbonised. These devices will be described in a later 
section. 

The time for the complete carbonisation of coal depends, however, upon another 
equally important factor, viz. the time required to remove the gases and oil vapouxa 
from the charge. It may be surmised, for example, that the time of carbonisation 
of non-fusible coal is less than that of fusible coal With non-fusible material the 
evolved vapours may escape freely through the interstitial spaces — ^unless indeed 
the charge is very closely packed — ^but, with fusible materials, the cementation 
period delays very considerably the time of carbonisation, since the evolved gases 
have to force their way through a viscous envelope In the case of both fusible 
and non-fusible coals, the ratio of mass to surface exposed to heat, has an impor- 
tant bearing upon the time requned for carbonisation 

The time-element ” for the removal of vapours must therefore be taken into 
consideration in determining the thickness of the layers for carbonisation. From 
the standpoint of the conduction of heat, it is advantageous for the thickness to 
be reduced , from the standpoint of the time required for the completion of the 
chemical reactions m the coal, there is no advantage in usmg very thin layers. 

EFFECT OF KADIANT HEAT 

This position is strenglJiened when the effect of radiant heat is also taken into 
consideration. It has already been pointed out that under radiant heat carbonisa- 
tion IS effected so quickly that the surface particles have not time to fuse, and the 
resulting coke consists of completely detached particles This is not a defect when 
the resulting fuel is to be briquetted, or can be used in powder foim ; but it pro- 
hibits the use of the fuel for domestic purposes when the proportion of breeze 
must of necessity be small 


EFFECTS OF STIRRING 

There is a further possible method by which the tune of carbonismg may be 
1 educed, viz by continuously stirrmg or movmg the material and brmgmg fresh 
surfaces into intimate contact with the hot sides of the retort, or with the heatmg 
gases In the case of fusible and semi-fusible coals, especially if the motion occurs 
during the cementation period when the material is in a semi-plastic condition, 
this subjects the product to a certam amount of shearmg action, and causes all 
the lumps of coke to disintegrate The resultmg residue is too fine to be service- 
able , or if not too fine, it is too friable for economic purposes This is a fatal 
defect m any system which depends for its success on the sale of the residual coke 
as domestic fuel, for, owmg to the high price of the binding material and the 
absence as yet of a satisfactory smokeless bmder, the possibility of post-briquetting 
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must, in general, be seriously discounted from a commercial standpomt. Although 
small fuel is serviceable m a producer, there is a limit to the fineness when thus 
employed, on account of the increasing resistance offered by the fuel bed to the 
passage of air and steam as the proportion of fines ” becomes greater 

A further notable disadvantage of stirring is that the coke dust mixes with the 
oil products, making refinmg expensive and mcreasmg the workmg difficulties 
through the blocking of the eduction pipes. 

It IS mterestmg m this connexion to note that, in the primary retort of the 
carbocoal process, the material is continually stirred and moved through the retort 
by the revolving paddles. A friable residue is the result, but as the material is 
briquetted with pitch before it is passed through the secondary retort, this technical 
disadvantage is nullified 

Reference may also be made to the work of WmmilR on the low temperature 
distillation of mferior coals The coals tested had an ash content of more than 
50 per cent The apparatus used was designed for rapid carbonisation, without 
consideration of the effect upon the residuum The material was therefore con- 
tinuously and vigorously stirred. This certainly reduced the time of carbonisation, 
but also had the effect of reduemg the residue to a fine powder It was foimd, in 
consequence, that the choking of the eduction pipe of the retort was so tiouble- 
some that the speed of the sturer had to be very appreciably reduced for optimum 
results. 

EFFECTS OF INCREASING FLUE TEMPERATURE 

The time of carbonisation of the charge may likewise be reduced by incioasing 
the temperature of the flue gases Clearly the rise m temperature of the centre 
of a charge will increase with the rise m temperatuie of the inner surh’.ce of tlio 
retort wall Any mcrease of the flue temperature over a certam limit will, howevei , 
have very serious consequences Either the outer layeis .become oveihoated, or 
the inner core is not sufficiently heated for correct carbonisation to occui In 
either case there is a grave lack of uniformity in the coke residue at any cro^h- 
section, and the efficacy of the process is considerably diminished 

B INTERNAL HEATING 
CHARACTERISTICS OF HEAT-SUPPLYING MEDIA 

When the heatmg is effected internally, the lieatmg medium is pass<‘(l into the 
retort, and, after givmg up its heat to the charge, usually assists m cany mg off 
the vapours of distillation When the retort is externally heated, only tlie vapouis 
of distillation need be condensed in order to recover the oil products , but, when 

^ ^ “The Low Tempeiature Distillation of Inferior Coal ” Jo^irn Soc Chem hid,, 

iyi7, 912 
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the retort is mternally heated, the heating medium must also in general be passed 
through the condensing plant. It is desirable, therefore, that the volume of heating 
medium should be a minimum 

The medium supplying heat to the charge should possess the following two 
characteristics — 

(1) It should have a high specific heat, so that the requisite quantity of heat 
may be supplied with a minimum quantity of heating medium. 

(2) It should be inert, so tliat combustion of the charge docs not occur during 
carbonisation, 

THE USE OF LIQUIDS OR SOLIDS AS A HEATING MEDIUM 

Before dismissing the possibility of supplying heat to the charg(3 by means of 
liquids, reference may be made to the process recently advocated by Mr J Stanley 
Morgan^ in a paper read before the Noithern Section of the Coke Oven Managers 
Association. In this process the powdered charge is immersed in a bath of molten 
lead, which is kept m motion m order to facilitate tlie heat transfer The time 
factor of carbonisation is then very small, being of the order of two miniitcB 
against hours by other processes The whole of the cl large is thus uniformly treated, 
and the gaseous vapours may be quickly removed The process is, however, likely 
to present mechanical difficulties and is still m the experimental stage The 
Daraensti retort, which also utilises molten lead as a heating medium, is described 
111 page 209, but in this case the material is not, strictly speaking, heated internally. 

The use of a solid material, such as heated sand, has also been suggested Where 
nl and gas production only are required, as m the low temperature distillation of 
certain shales, the process is not without possibilities , hut m the case of coal, 
vhere the solid residue is one of the most impoitant assets of the process, the 
iifficulties of separating the sand after distillation precludes the possibility of such 
i method proving of commercial utility. 

THE USB OF STEAM AS A HEATING MEDIUM 

Steam has a high specific heat, but its use as a heating medium without 
rfcraneous assistance does not at present appear to be very promising, for three 
aain reasons . — 

(1) The practical difficulties in the supply of steam superheated to the degree 
necessary for the carbonisation of the charge. 

(2) The necessity for provision of cooling plant of sufficient size to absorb the 
latent heat of the steam, as well as the sensible heat carried over in the 

* Morgan, J Stanley “ The Lead Bath Process of Low Temperature Carbonisation Colhmj 
uardian, 13th April, 1923. 
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mixture of steam and carbonisation gases Large and costly condensers 
would therefore be necessary 

(3) The difficulty that, unless the steam could be obtained as waste from 
some industrial undertaking, the latent heat would have to be supplied in 
addition to the heat necessary for carbonisation 

THE USE OF PRODUCER GAS AS A HEATING MEDIUM 

A more satisfactory heating medium is stripped coal gas or producer gas. These 
gases are mert, or at least contam very slight traces of oxygen, and, after passing 
through the condenser, do not have any deleterious effects upon the volatile products 
taken from the gases after the distiQation of the coal They do, of course, reduce 
■the calorific value of the resultant gases obtamed from the retort For economic 
reasons, producer gas is the medium generally employed m practice There is in 
general a certam amount of dust carried by the producer gas, and its effect, which 
is perhaps not altogether a deleterious one, upon the carbonising charge must not 
be overlooked. 


DIFFICULTIES IN INTERNAL HEATING 

The mam difficulty m mternal heatmg is to secure uniform carbonisation of the 
charge. In the case of horizontal retorts, this can only be effected by stirring the 
charge contmuously, or by othei methods, some of which introduce giave practical 
-difficulties m a plant of a commercial size The effects of sturmg the charge during 
carbonisation have already been discussed on page 115 and so need not be further 
referred to They are sufficiently objectionable, however, to demand careful thought 
before stirrers are used with mternal heatmg 

Rotary retorts of the Sensible Heat ” (Nielsen) type (page 231) are, how- 
ever, m a different category In this case the material is in continuous motion as 
it progresses through the retorts, but it is impelled by the force of givavity and 
not directly by mechanical means Theie is therefore no tendency for the pai tides 
to dismtegrate other than that experienced m any contmuous plant In this 
particular type of retort it is found m practice that the proportion of fines ” in 
the coke is not great 

In the case of a vertical type of retort the inert heatmg gas may readily be 
forced or drawn through the charge It is difficult, however, to diffuse the gas 
adequately It tends to pass up fissures through the material, and, taking the 
Ime of least resistance, fails to carbonise the material uniformly The original 
Del Monte patent was based on this prmciple, which was indeed proposed by 
Parker as far back as 1890 , and, although extremely satisfactory results could 
occasionally be obtained, the lack of imiformity in the residual products was so 
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great that this type of retort was eventually scrapped and an externally heated 
type adopted. It is doubtful, however, whether the experimental work m these 
early days was sufificiently under scientific supervision to form a criterion for future 
developments, since the later work of Maclaiirin on a somewhat similar retort 
holds out great promise Probably this difficulty may be overcome to a great 
extent by paying sufficient attention to the adequate sizing of the material 

Parr and Olin^ also give interesting results obtained by this type of heating , 
but, since small-scale plant only was employed by them, the results are not strictly 
comparable with those obtauied 111 a plant on a commercial scale 

AMOUNT OP GAS REQUIRED FOR INTERNAL HEATING 

Owing to the small specific heat of producer gas it is necessary to determine 
very carefully whether the amount of gas necessary to carbonise the charge, to 
remove the products at then final temperatures and to provide for radiation 
losses can economically be obtained We have already seen that in an internally 
heated system the heatmg gases dilute the gases of carbonisation, and it is there- 
fore obvious that if the quantity of heatmg gas required is very great a pomt may 
be reached where the caloiiftc value is so reduced as to make the mixed gases of no 
commercial value 

The work of both Maclauriii and Nielsen has shown that if projier steps be taken 
to reduce ladiation and other losses to a minimum, a gas of commeicial value may be 
obtained 

The question may best be dealt with by a consideration of the heat balance. 
If we take for example the case of a retort of the Nielsen type where the heating 
medium consists of hot producer gas made m a sepaiate producer, we have entering 
the retort, the potential heat of the coal charged and the heat, potential, sensible 
and latent of the pioducer gas used On the other hand, the heat leaving the retort 
comprises the potential heat m the products after cooling to the datum temperature, 
the heat both sensible and latent in the products as they leave the retort and which 
will be abstracted 111 the cooling arrangements, and the heat lost by radiation, etc. 
In order to obtain a gas of the highest possible calorific value it is essential, there- 
fore, that the two latter terms should be reduced as far as is possible consistently 
With practical working From the data indicated above, it is possible to estimate 
the volume of producer gas at any given temperature reqmred per ton of coal carbon- 
ised, and so to calculate with sufficient accuracy for the purpose of a preliminary 
investigation the degree of dilution to which the rich gas of carbonisation will be 
subjected. 

‘ Parr and Olin “The Coking of Coal at Low Temperature.” Bulletin No. CO, Umversity of 
Jllinoia, 1912. 
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COMPARISON OF EXTERNAL AND INTERNAL SYSTEMS 
OF HEATING 

Having outlined the difficulties of each of these systems of heating, their 
relative advantages and disadvantages may now be summarised. 

Theoretically, internal heatmg is more advantageous than external heating, 
smce the heatmg medium is brought mto direct contact with the material to be 
carbonised, and the heat transmission is very effective and rapid. It is not nececsary 
to treat material in thm layers, which, as already pointed out, is a desirable feature 
m retorts heated externally. The simple retort thus rendered possible results in 
a reduction m the capital cost of plant and m maintenance and labour charges, 
A further advantage is to be found m the fact that the passage of the heatmg 
medium through the retort usually assists m carrymg off the vapours formed. 

Among the disadvantages of mternal heatmg may be mentioned — 

(1) The additional condensmg plant required through the mixing of the heating 
medium with the gaseous products of distillation. 

(2) {a) The possibility of the material not bemg coked uniformly in a vertical 
retort , (&) the necessity of employing a long horizontal retort m order to 
abstract the heat from the heatmg medium 

(3) The difficulty of controllmg the temperr<,ture gradient through the retort if 
producer gas is used as the heatmg medium 

(4) The rich gas ordinarily obtained by low temperature carbonisation is mixed 
with the poorer producer gas used as a heatmg medium, and the calorific 
value of the mixture, though higher than that of producei gae, is consider- 
ably less than that obtained from an externally heated retort. The extia 
quantity of gas may not compensate commercially for its loss of calorific 
value, and it usually requires a special market. 

The mam advantage of heatmg retorts externally is that this method has been 
very extensively employed m ordmary gasworks and shale oil practice, and that 
the published data of the experience gamed can be used as a guide in solving some 
of the difficult problems of low temperature carbonisation The plant can also be 
designed so that the process is under more direct control than in the case of an 
internally heated plant. 
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TECHNICAL PROBLEMS— THE EFFECTS OF STEAM AND 
GASEOUS PRESSURE ON COALS CARBONISED AT LOW 
TEMPERATURES 

A. THE EFFECTS OF STEAM 

ACTIONS AND REACTIONS OF STEAM AND HEATED CARBON 

It is well laiown that eteam will react when passed over coitam strongly 
heated reducing agents. The oxygen m the steam combines with the reduemg 
agent, the final products of the reaction being formed m definite relative pro- 
portions which depend upon the conditions, such as temperature and coixcentration, 
or percentage volume, of the various gases present, and also upon whether there 
IB sufficient time for equilibrium to be established When Uie reduemg agent is 
carbon, the products of the reaction are hydrogen, carbon monoxide and carbon 
dioxide, which will bo mixed with a certain propoii,ion of the stoi^in left undecom- 
posed Two primary reactions take place, accoidiiig to the temperature of the 
carbon and the concentration of the geuses, vlucli may be represented by the 
equations ^ qq 

2H2O + C ^ 2H2 + CO, . ( 2 ) 

In addition to tlie above piimaiy reactions, there arc many others taking 
place between the various products and ihe carbon and steam, of which perhaps 
the most impoitant are — ^ CO.)^ 2 CO ( 3 ) 

H2O + IIo + COo ( 4 ) 

As indicated by the equations, each of the above four reactions is a balanced 
reaction, ie one capable of proceeding 111 cither of two directions accordmg to 
the existing physical conditions 

If any of the above reactions took place alone, using definite amounts of the 
reacting matenals, the final mixture would adjust itself at any defimto temperature 
according to the law of mass action, unfcil the reactmg materials and products 
were present m cert-am definite proportions, provided sufficient time were given 
to allow equilibrium to be established 

In the case of the reaction shown m equation ( 4 ), which is known as the water 
gas reaction, if we start with definite amounts of the four reactmg gases, equili- 
brium will be established when the product of the percentages by volume of carbon 
monoxide and water is equal to the product of the percentages by volume of 
carbon dioxide and hydrogen, multiplied by a constant K. 

ox K — 00 X percentage of H2O 

Percentage of CO2 X percentage of H2 
121 
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Tte numerical value of K, the equilibrium constant, is a fixed quantity for 
each temperature.^ 

Experimental values of K for given temperatures are as follows : — 

Temperature °C 700 800 900 1000 1100 1200 

K . ^ 0^ 165 YTO ^ 

In any process mvolvmg a number of reactions takmg place simultaneously, 
the final product will obviously depend largely upon the relative speed at which 
the equilibrium of the separate reactions tends to estabhsh itself. In the water 
gas process the temperature coefficient of reaction (1) is greater than that of 
reaction (2) with the result that production by reaction (1) is favoured at high 
temperatures. It can also be shown that at temperatures above 600° C the 
equilibrium of equation (4) is very rapidly established At temperatures above 
1000° C therefore, we find that the effects of (1) and (4) predonunate, and those 
of (2) and (3) are comparatively small. This also is the case at the lower tempera- 
tures if pure carbon is used, but if coke is employed reaction (2) is greatly 
accelerated, probably by the presence of catalytic materials, such as iron oxides 
m the coke The velocity of reaction (3) is comparatively slow, and its effects 
are neghgible. 

In water gas practice, therefore, reactions (1) and (4) appear to predominate 
above 1000° C whilst reactions (2) and (4) predonunate at temperatures below 
say, 700° C 

An exammation of (1) and (4), together with the given values of K, show that 
the percentage of carbon monoxide is high and that of carbon dioxide low at high 
temperatures, whilst the percentage of carbon dioxide is high and that of carbon 
monoxide low at low temperatures (700° C ) 

It will also be seen that, if a water gas rich in carbon monoxide is requued, 
an excess of steam is to be avoided, smce by equation (4) the steam when m equili- 
brium is m mverse ratio to the carbon monoxide , also excess steam, by lowering 
the temperature, reduces the value of K and so again tends to the formation of 
excess carbon dioxide 

PEODUCTION OP WATER GAS AND POWER GAS 

In practice water gas is formed by passmg the steam through a deep incan- 
descent fuel bed m a producer. A certam amount of carbon dioxide is formed in 

The relation^etw^n K, the heat of reaction and the temperature is defined by the Van ’tHofl 

equation ® Q (Positive) heat of reaction at the absolute temperature T, 

Sook to any stan- 
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the lower part of the bed, m addition to the caibon monoxide represented by 
equation (2), according to the equation : — 

2 H 2 O + C = CO 2 + 2Ha . . (5) 

This carbon dioxide is subsequently reduced to carbon monoxide while passing 
through the upper part of the fuel bed, according to the equation . — 

002+0 = 200 . . ( 6 ) 

Apart therefore from the impurities m the water gas due to the fact that the 
fuel used may only contam 90 per cent or less carbon, it is to be expected that 
circumstances will arise in practice when the whole of the carbon dioxide is not 
reduced to carbon monoxide There is always therefore a certain amount of carbon 
dioxide and other inerts in the resulting gases 

The other factors to be taken into consideration arc 

(а) The reactions (1), (2) and (3) are endothermic m chaiacter, and 

(б) They do not occur if the temperature of the caibon falls below a certain 
minimum In tlie case of reaction (2), that is in the formation of carbon 
dioxide, the nunimum temperature is about 600 "^ C In the formation of 
caibon monoxide, a slightly liigher tempeiature is necessary Unless 
therefore heat is supplied to keep the temperature of the fuel above the 
mmimum given, these reactions do not occur 

Water gas producers are generally worked upon an intermittent system, that 
IS, the gas makmg period, termed tlie '' run ” during which the temperature of the 
fuel falls considerably, is followed by a period of heat recuperation, technically 
loiown as the “ blow ” Durmg the '' blow,” the steam is replaced by a blast of 
air, the oxygen of which combmes with the carbon, mainly to form carbon dioxide. 
This IS an exothermic reaction, and by the continuance of the blow ” for a certain 
period the temperature of the fuel and the surroundmg brickwork is increased 
preparatory to the gas -making period agam commencing 

Alternatively a power gas, though not water gas, may be produced by passing 
steam and air (or oxygen) contmuously through a producer When correct pro- 
portions of steam and air are admitted, the endothermicity of one sefc of reactions 
may be balanced by the exothermicity of the other, and the temperature of the 
fuel thus kept constant While it is not necessary to discuss further the production 
of water gas or of power gas m producers, the above digi’ession is perhaps permissible 
in leading to a clear comprehension of the effects on the charge m low temperature 
carbonisation when, as is sometimes done, steam in limited quantities is fed to the 
discharge mechanism m order to keep the metal parts cool and to prevent the 
escape of gas durmg the period when the retort doors are open. 
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ADVANTAGES OE STEAMING FOR HIGH TEMPERATURE 
CARBONISATION 

Tte advantages of steaming for h.ig]i temperature carbonisation arc unquestion- 
able. The work of the Fuel Research Board^ and that of the Gas Investigation 
Committee of the Institution of Gas Engmeers,^ show that increased therms in 
the form of gas, and increased quantities of tar and anunoniacal liquor are to be 
obtamed by this method, although the quantity of coke is reduced. Sir George 
Beilby, from his long experience in steaming charges of shale in the Scottish shale 
oil industry, as well as from results obtained at H.M Fuel Research Station, is 
of the opinion that high temperature vertical retorts should never be worked with 
less than 5 per cent of steam, and this percentage has in fact been adopted as the 
datum Ime for all future experiments m this connexion at H M Fuel Research 
Station. 

One factor of great mterest in the results obtamed at H M Fuel Rcocarch SLalion 
which should be mentioned at this stage is that, in all the coals tested, an increased 
yield of therms in the gas was obtamed at a decreased expendituie of heat, witli 
the use of 3 per cent of steam as compared with the yield obtamed when no steam 
is supplied. The explanation lies in the fact that hea,t is abstracted from the hot 
coke at the bottom of the retort owing to the action of the steam which is conveitod 
into water gas. There is usually no necessity for quenching the coke, which leaves 
the retort at a much lower temperature when a small amount of steam is used 
than when there is no steaming 

EFFECTS OF STEAMING IN LOAV TEMPERATURE PROCESSES 

The advantages of steaming for low temperatiiie carbonisation arc, however, 
more problematical. If the temperature of the charge docs not exceed 000'" (h 
the decomposition of steam by caibon is practically negligible In any case, the 
formation of carbon dioxide rather than carbon monoxide, is favouied, and thim 
the calorific value of the gas is reduced Any beneficial action of the steam ib 
probably either physical or mechanical rather than chemical The contuxuouB 
or occasional admission of steam near the coke exit of the retort cools the coke 
prior to its removal, and thus tends to increase the efficiency of the process. It 
also protects the material of the retort by reducing the tempeiature at the coke <^xit 
where otherwise the heat would often be greatest. A furthei advantage of steaming 
is that the heat energy absorbed by the steam in its earlier path through the retoi fc 
IS diffused at a later stage, and the steam may therefore be said to assist in conveying 

•O . \ Beport for yeara 1920, 1921 , Fust Section “ Steaming m A^ortical 
Retorts (H M Stationery Office ) 

2 Institution of Gas Engineers Fourth Report of the Gas Investigation Committee, 1920 
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heat uniformly to the charge and m securing a more satisfactory heat gradient 
through the retort than would otherwise be obtained Finally, the passage of 
steam through the charge assists m sweeping away the vapours of carbonisation 
as they are formed. If coal contains little moisture the ammonia escapes condensa- 
tion and a scrubber is necessary. If steam is present the ammonia is more 
completely condensed without scrubbing In using a scrubber the liquor would 
be too weak to be of any value 

When the carbonising temperature is in the neighbourhood of 700-750^0. 
chemical reactions do probably exert some mfluence on the resulting products of 
carbonisation, partly in a slight increase in the gas yield, and partly m a slight 
increase in the amount of ammonia recovered The mcrease in the ammonia yield 
at high temperatures duo to steammg is well loiown, and at lower temperatures 
there is also a slight advantage in steammg The amount of ammonia yield in 
low temperature work is, however, so small even with steaming, that it is probably 
only in plants with a large throughput that steaming may be said to be advan- 
tageous m this respect 

It IS also well known in the shale mdustry that steaming has the effect of 
pieservmg the primary products of distillation at low temperatures, and this factor 
IS also of importance in low temperatuic caibonising processes 

ADVANTAGES AND DISADVANTAGES OF STEAMING 

To summarise, the advantages of usmg a small amount of steam m low 
temperature woik may be said to bo — 

(1) Steaming assists m distributing the heat uniformly through the charge 

(2) Steaming increases slightly the yield of gas, but only at the higher tempera- 
tures of carbonisation 

(3) Steaming facilitates the recovery of ammonia, also at the higher tempera- 
tures of carbonisation. 

(4) Steaming assists m removing the gaseous products of distillation 

(5) Steaming increases slightly the efficiency of the process by cooling the coke 
before its withdrawal from the retort 

On the other hand, the disadvantages of steammg are — * 

(1) The cost of the steam and the extra cost of maintenance and manipulation, 
1 e power, extra fittings, supervision, etc 

(2) Complete loss of latent heat of steam in the condensing processes. 
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OTHER PRACTICAL CONSIDERATIONS 

It should be pointed out that the design of retort has an important bearing 
on decidmg whether steammg should or should not "be adopted Quite apart from 
the question whether or not steaming is beneficial, horizontal retorts do not in 
general allow the steam to be brought mto that intimate contact with a mass of 
mcandescent coke which is desirable for the full effects of steammg to be realised. 
In the case of the Chiswick retort for example (page 199), the introduction of steam 
for uniform reaction upon the whole of the coke residue is hardly feasible. Steammg 
may more effectively be employed m vertical retorts, but even then m particular 
cases the beneficial effects of steammg could not be fully realised. It appears 
therefore upon close examination, that local considerations will mainly affect the 
decision as to whether or not it is desirable to use a small quantity of steam in 
any particular plant. 

B. THE EFFECTS OF GASEOUS PRESSURE 

EFFECTS OF VERY LOW PRESSURES 

The effects of the extreme limits of pressure, either very low or very high, on 
coal durmg carbonisation seem to be marked The earliest record of the effects 
of very low pressures appears to be in the Patent Office records for 1905 In this 
year W S. Simpson obtained a patent on the claim that sulphur and other impurities 
are removed from coke by creatmg a vacuum in the vessel containing the coke 
m a highly heated state In 1906 he obtamed another patent on the claim that, 
when carbonaceous materials are heated in a practically complete vacuum, a 
superior quality of charcoal is produced and impurities removed Use has been 
made of low pressure m at least one process of low temperature carbonisation put 
forward, viz. the Tozer retort. (See page 197 ) 

Unfortunately few results of experimental mvestigation on the effects of 
very low pressures have been published , Taylor and Porter^ have found that 
a bituminous coal which yielded a light friable coke when slowly heated at 
atmospheric pressure yielded a dense coke when heated at a pressure of less than 
30 m m. A probable explanation of this phenomenon is that the gas is rapidly 
removed wffien formed, and therefore there is not time for the development of a 
large bubble structure. 

^ Taylor and Porter “ The Primary Volatile Products of the Carbonisation of Coal ” Tech Paper 
140, Amer Bureau of Mmes 
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PRACTICAL ASPECTS OF A VACUUM SYSTEM OF CARBONISATION 

There are, however, other advantages of a vacuum system which are less 
questionable. These may be thus briefly summariBed — 

(1) The removal of the gaseous vapours is facilitated, and any heavy tars formed 
need not condense within the retort to the same extent as in other processes. 

(2) The removal of air in the retort, particulaily m an mtermittent process, 
reduces the likelihood of the oxidation of the products of carbonisation. 

(3) The reduction of the pressure within the retort may possibly increase the 
virtual temperature of carbonisation by the reduction of the boilmg points 
of the volatile substances once their temperature of formation is reached. 
Hence the same results are possibly obtained by a vacuum process with a 
flue temperature lower than that of an atmospheric process, cetens panbus 

It must be said, however, that the above advantages are likely to be theoretical 
ather than practical, and claims for mcreased gas or oil yields by vacuum piocesses 
lave not been fully substantiated On the other hand, the disadvantages of working 
m a commercial scale with a high vacuum are important These may be thus 
ummarised — 

(1) Gi eater capital cost of plant 

(2) Increased operating costs, due to the extra pumps, etc. 

(3) Increased difliculties in maintaining air-tight joints, some of which must 
be frequently bioken and re-made , as, for example, at the miet and outlet 
of the charge 

(4) Danger of an -leakage inwards, with the consequent dilution of the rich 
low temperature gas and possibly the attendant risk of accidental explosions. 

It would appear therefore that the only substantial commercial advantage 
f a vacuum process consists m certain cases m the production of a dense coke and 
. tar which has suffered the minimum amount of cracking within the retort As 
his advantage may be secured by other and perhaps simpler methods, it is not 
urprising that the development of a vacuum system for a commercial process 
f low temperature carbonisation appears to be a somewhat remote contingency 

EFFECTS OF HIGH PRESSURE 

It has been known for some time that the distillation of petroleum under 
nessure serves to break down or “ crack ” the high-boilmg fractions, and so may 
icrease the value of the products Nearly thirty years ago Dewar and Redwood 
atented a process based on this principle, though commercial use was not made 
f the patent. On account of the increasing demand for gasoline for the automobile 
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industry, and the desirability of obtaining substantial yields of low-boiling fractions 
m the distillation of petroleum, the problem was taken up by Burton m America 
about 1910. Burton’s first experiments were m the direction of superheating the 
high-boiling petroleum residues at atmospheric pressures. It wa,s found, however, 
that cracking ” by this method turned the aliphatic hydrocarbons into aromatic 
bodies and fixed gases ; that is, the general molecular structure of the original 
material was altered The use of reagents and catalysers was fairly successful, but 
mvolved a substantial loss of oil lu the process, and was, moreover, costly. Eventu- 
ally a process of distillation under a pressure of about five atmospheres was evolved 
m the laboratory, v/hich on being worked on a commercial scale gave good results, 
and the pressure-still mdustry is now firmly established. 

There are, however, limits to the Burton process and its modifications. Cracking 
processes are not uniformly successful with heavy oils and with those contammg 
high percentages of asphalt In these cavses there is a tendency for hydiogen to 
separate and to leave a deposit of carbon. The deposition of carbon is not only 
troublesome mechanically, but involves a serious reduction in the efficiency of the 
process. 

The deposition of carbon may be reduced by the introduction of hydiogen 
into the process, and Bergius claims that, by a crackmg process at high temperatures 
and high pressures in the presence of hydrogen, there is a reduction in the carbon 
deposit •without having recourse to catalysts. The pressures used by Bergius are, 
however, so great as to preclude any immediate application of his system for the 
hydrogenation of oil and coal to the problems of low temperature carbonisation. 

PRACTICAL ASPECTS OP A HIGH PRESSURE SYSTEM 
OF CARBONISATION 

The most interesting development of the work of Borgius m connexion with the 
carbonisation of coal is m the liquefaction of coal by the method which has already 
been described (page 47) It is stated that the technical difficulties of the process 
have been largely overcome, and that a plant on a semi-works scale is now in 
operation at Mannheim for the conversion of bituminous coal into light oils Granting 
that the work has been successful from the laboratory standpomt, and that suitable 
precautions can be taken to mmimise the serious risks of explosions and fires, it 
would appear that the capital cost of the plant must necessarily be high, and the 
working costs, includmg the cost of the hydrogen, are likely to be excessive. This 
process, although of intense scientific mterest, can therefore scarcely be of great 
industrial importance until it has been suitably developed to meet the econonuo 
conditions of the day 
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PEESSURES ADOPTED IN PRACTICE 

In practice the withdrawal of the gas and oil vapours is generally secured by 
seeping the retort under a pressure which is slightly below atmospheric. The extent 
0 which it is desirable to reduce the pressure below the atmospheric pressure depends 
''ery largely upon the number and type of pints on the plant which must be kept 
jr-tight, and also upon the material used for the retort With the exception of 
he two processes to which reference lias already boon made, it is found that plants 
re usually arranged to work under a partial vacuum which does not greatly 
xceed 2 inches of water pressure. 
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OTHER TECHNICAL PROBLEMS 
INTRODUCTORY 

HAViNa now dealt with some of the broad general principles which affect the 
design or selection of a plant for low temperature carbonisation, it is desirable to 
consider shortly some other features of the process. Many of these have already 
been referred to m the more general discussions . The various points for consideration 
in a subject such as the present are so interrelated as to make it difficult to take 
them singly without a certain amount of duplication and overlapping m the various 
sections. The advantages of this method of treatment are, however, very great, 
and the present chapter will be devoted to a sectionalised treatment of the following 
pomts, some of which have already appeared as side issues in the discussion of wider 
aspects of the problem, viz • 

(а) The effect of the change of volume of the charge. 

(б) The withdrawal of the oil vapours. 

(c) The control of the temperature of the charge. 

(d) The conservation of heat. 

(e) Simplicity of the construction and operation of the retort. 

(/) The reduction of capital, mamtenance and labour costs. 

SWELLING AND NON-SWELLING COALS 

Amongst other classifications we have seen that, for the purposes of low tem- 
perature carbonisation, coal may be divided into two groups, according to the 
relative volumes of the origmal coal and the resulting coke, after carbonisation at 
low temperatures. In the first group may be placed the so-called '' swelling ’’ or 
expandmg ” coals, the volume of the ;ccsulting coke bemg greater than that 
of the origmal coal The second group consists of the non-swelling coals, in which 
the volume of the resultmg coke is equal to or smaller than that of the origmal coal. 

It should be noted that, although these groups are sometimes termed “ expand- 
ing ” and “ non-expandmg,’’ these descriptions are somewhat unsatisfactory, as 
they may leave the wrong impression that the actual coke substance is of different 
densities m the two cases. The coke substances seem to have m fact equal densities, 
and the apparent “ swellmg ’’ or “ expansion ” is due to differences of structure. 
It is not necessary, at this stage, to enlarge upon the pomt, and enter upon a full 
discussion of coke structure and the theories of coking, a study which will bo better 
treated in a separate chapter. It may, however, be desirable in passing to refer to the 
microscopical work of Sir George Beilby, who showed that the cell structure of coke 
is due to the evolution of gas bubbles from the fused or partially fused coal 
substances. The first stage in the structure is the formation of foam, m which 
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each bubble is a self-contained cell. Eventually mutual perforation of the bubbles 
occurs at the points of contact, and tbrougb the boles thus formed the gases 
ultimately escape to the exterior of the sponge-like mass. 

SWELLING COALS 

When coking coals are heated, they contract a little at first, but swell on further 
heatmg At a still higher temperature, however, they undergo a secondary con- 
traction which IS characteristic of coking proper. The initial contraction is possibly 
due to the melting of certam material which occurs at a temperature of 
360° C *-450° C accordmg to the constituents in the coal If the temperature of 
the coal is uniform throughout the mass, the whole charge is fused together When 
more heat is applied gas is given off, forming bubbles which increase the volume 
of the substance by an amount greater than the original contraction. As the 
temperature is further mcreased and the volatile products are driven off, the 
secondary contraction occuis 

It IS well Imown, however, that the swelling of coals at the lower temperatures 
of carbonisation causes diflicultics in the withdrawal of the coke made at those 
temperatures When the swelling is restricted, a dense coke siutable for use as a 
domestic fuel is the outcome. The swelling may, however, be so much greater than 
the initial contiaction that a considerable pressure is exerted by the coke on the 
walls of the retort The charge may thus be held up at the fcime of discharge. 
This difficulty has been experienced from the earliest times m the history of low 
temperature carbonisation, and constitutes a factor which must be recogmsed in 
the design of any tj^e of retort or in the development of any particular process. It 
may be overcome by mechanical means, as, for example, in the collapsible moulds 
of Richards and Pringle,^ or m the collapsible centre plates of the Low Temperature 
Carbonisation Company’s retort at Barnsley. The fact that these devices were 
adopted after experiments had been conducted on simpler types of retorting 
arrangements is m itself a sufficient mdication that the problem demands attention 
in any full-scale plant. The more recent work on thjs question of obtammg a dense 
coke indicates, however, that a solution may be obtained m a simpler manner 
by physical or chemical rather than by mechanical means. In considering any 
mechanical device for reduemg the difficulties due to the swelling of the charge, it 
should he borne m mmd that labour costs must be reduced to the minimum. 

NON-SWELLING COALS 

In the case of the non-swelling coals and such carbonaceous materials as shale, 
cannel, etc., the coke residue is usually non-coherent and friable, and the problem 
* Biohards and Pringle. Pat. Spec. 27828 (1909). 
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of tlie carbonisation of tbe material is considerably simplified. It may be stated as 
a3aomatic, mdeed, that a plant wbicb does not function for non~swellmg coals will 
be useless for swelling coals. Tbe special problems of tbe non-swelling coals need 
not therefore be discussed m tbis section. 

'/PRELIMINARY TREATMENT OE SWELLING COALS 

It bas already been mdicated tbat a solution of one of tbe difiicultios in tbe 
carbonisation of swelling coal lies m tbe stopping of tbe swellmg by other than 
mechanical means. Three methods, involving a preliminary treatment of the coal, 
have been suggested, viz. — 

(1) Blendmg cakmg with non-caking coal. 

(2) Blendmg coal with coke breeze. 

(3) A preliminary beat treatment of tbe coal 

Aspects of these will be dealt with m tbe succeeding paragraphs, but a fuller 
exammation will be made in Chapter XI. 

THE BLENDING OE COAL 

It has been found tbat tbe blending of coal, i e the intimate mixmg of fusible 
and less fusible coal, is a ready method of checking excessive foammg duiing 
carbonisation, and of ensuring that the resulting coke occupies a smaller volume 
than tbe origmal coal By arrangmg for tbe shrinl^age of coal mstead of relying 
upon the confinement of coal in a restricted space during carbonisation, one ol 
tbe most serious difficulties in tbe carbonisation of fusible coals is removed It is 
mterestmg to note, however, that the proposal of blendmg coal is of by no means 
recent origin. Tbe idea seems to have been first covered by Cruickslianlcs in a 
patent granted in 1841. 

At an early stage m tbe work at East Greenwich the Euel Research Board 
utilised tbe method of blendmg swellmg and non-swellmg coals m order to produce 
a dense coke which could be discharged with facility. 

Roberts^ obviated tbe swellmg of coal by utilismg tbe excess binder to bind 
inert material, say coke breeze The presence of any appreciable quantity of 
coke breeze, however, reduces the amount of virgin coal carbonised per charge, 
and therefore reduces also the real throughput of the retort. 

In the case of tbe Barnsley plant, tbe charge admitted to tbe retort is a mixtiiie 
of coking and non-colang coals in tbe proportion of about 30 * 70. The use of 
non-cokmg coal bas not tbe disadvantage of coke mentioned above, though the 

^ Roberts, J “The Carbonisation of Coal at Low Temperature.’* P?oc. N.oiEnq Inst of 
Mm* and Mech Eng , Aug 6th, 1921 
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expense of obtauimg tlie necessary supplies of coal for blending, and tlic fui'tber 
trouble and expense of adequately mixing the coals, have to bo faced when con- 
sidering the commercial possibilities of the method 

PKESENT POSITION EEGARDING BLENDING 

The following quotation from the previously mentioned Reporl^ may be given 
as representing the position at the present time regarding blending — 

We have already referred to tlie fundamental importance of seem mg the 
volatile products, gas and oil, m maximum quantity and of the best quality 
if low tempeiatuie carbonisation is ever to be carried out on a really large 
industrial scale This need not bo taken as implymg that the mixture of coke 
with coal before carbonisation is m no case desirable, but only that the use of 
this method must be carefully sciutmiscd before it is adopted in any paiticular 
case in which its economic advantages may possibly outweigh its disadvantages. 
That there aie cases of this kind no expert in carbonivsation could deny 

We arc well aware of the piactical and economic difficulties which are 
involved m any general adoption of ' coal blending ' in place of the present 
ciudc methods of using so heterogeneous a material as coal as when it is mined. 
Wo believe, however, that it will be increasingly recognised that the advantages 
of insuring homogeneiiy and unifoimii^y in any form of solid fuel (thereby 
laismg the availability of its potential heat value to a much higlier degree) are 
so great that these didiculties will ultimately bo Jaced and overcome.’^ 

THE PREVENTION OP EXPANSION BY OXIDATION OR BY 
PRELIMINARY HEAT TREATMENT 

Several other methods have been suggested from time to time for modifymg the 
properties of swelling coals by preliminary treatment. It is well known, for instance, 
that, if certam types of coal arc subjected to oxidation, their coking power maybe 
considerably modified, and indeed completely destroyed In a discussion on the 
spontaneous combustion of coal, Bone ^ describes some experiments on the absorption 
of oxygen by a Duiliam coking coal, and a Barnsley ‘‘ hard steam ” coal of almost 
the same ultimate composition In these experiments oxygen dried over calcium 
chloride was circulated continuously over a weighed sample of ground coal pre- 
viously dried m vacuo over sulphuric acid. The experiments continued over three 
to four weeks at a mean temperature of 108 ° C. In both cases the two oxides of 
carbon were contmuously produced and oxygen was absorbed, although action was 

^ Fuel Besearch Board Report for Years 1920, 1921, Second Section* “Low Temperature 
Carbonisation.” (H M Stationeiy Oifice ) 

2 Bone, W. A. . Coal and its Scientific Uses Chap, IX (Longmans, Green & Co.) 
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more marked in tke case of tke Barnsley coal. Bone points out tkat the “ coking 
properties of each, coal were completely destroyed by the treatment to which it had 
been subjected.’^ 

Roberts ^ describes experiments on Silkstone coal ground to 30 mesh and heated 
at temperatures up to 110° 0. for a considerable period m an air oven, m which he 
was able to produce a material which on subsec[uent coking under low temperature 
conditions yielded a good low temperature coke, although the origmal coal was of 
the type which could be classed as strongly swelling 

As far as can be seen at present, however, the method of oxidation does not 
seem likely to be of commercial application, owing to the time required for the 
prelimmary treatment and the diBiculty likely to be experienced in controllmg the 
amount of oxidation. Agam, the method is only applicable to coals which possess 
an excess of bmdmg constituents The quantity of such coals available is limited, 
and from the broadest point of view it would appear more desirable to utilise the 
excess bmder to produce good quality coke from materials which, while yielding 
considerable quantities of oils and gas, are deficient m bmder, and so do not by 
themselves produce smokeless fuel 

Reference has abeady been made m Chapter V to the work of Dr Illmgworth, 
who has succeeded, by means of a small scale plant, m producmg hard low tempera- 
ture coke by submittmg coals otherwise unsuitable for low temperature carbonisa- 
tion m their raw state to a prelunmary heat treatment. Illmgworth,^ adopting the 
Seyler classification, states that coke structure is formed m stages by reason of the 
successive decomposition of the several types of '' gamma compound,” or cementmg 
mgredient, and that the carbonaceous coals are one-stage coals. The meta-bitu- 
mmous coals are also one-stage coals, but tend to become two-stage coals as the 
C/H ratio decreases The ortho-bitummous coals are definitely two-stage coals, 
tendmg to become three-stage coals with decrease m C/H ratio, while the para- 
bitummous and lignitous coals are three- and four-stage coals respectively 

Illmgworth also pomts out that, where a low gradient of temperatuie is employed, 
as in the subject under consideration, the stages m the process aie well marked If 
the mass be very plastic over the period of the earlier stages, the products evolved 
durmg these stages will pass away freely, and so will have little effect in causing the 
charge to swell. If the mass is very viscous, these products are trapped and tend to 
cause swelling 

Illmgworth states that “ plasticity is determmed by the amount of gamma 
compound present,” and terms the temperature at which the gamma content ” 
is finally decomposed the critical temperature,” If the critical temperature is 

1 Roberta, J “Economic Aspects of Low Temperature Carbonisation.” Proc S Wales Inst, 
P7ig,j 1922. 

^ Illingworth, S K “Low Temperature Carbomsation of Coal ” Proc S Wales Inst, Png , 1922. 
Iliingworth, S. Hr. * “ Hesearohes on the Constitution of Coal.” Phe Colliery Guardian Co Ltd. 
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ow, and the “ gamma content ” is also low, the swelling ol the coal is small, and 
inch coals give good low temperature coke. 

In the cases of two- or three-stage coals which contain binding material which 
lecomposcs over a wide range ot temperature, Illingworth eliminates the less stable 
sonstitiients by suitable heat treatment, so that the more stable only aie operative 
n the subsequent carbonisation. Such coals are thereby converted to one-stage 
joals, with the result that they then produce robust types of low temperature 
oke. Illingworth has also fomid that the less stable constituents have very 
nferior powers of agglutmatiou, and that in eliminating such from the coal the 
jolong qualities are not seriously impaiicd He also considers that the preheating 
)f coal under suitable conditions produces a much better fuel in all cases, even 
rom blends of cokmg and non-cokmg coal. 

The method of preparation of a single coal by pre-heat treatment of course 
hares the disadvantage of processes which destroy some of the binding material 
n an attempt to obviate excessive foaming, but offers an alternative method of 
neparation m cases where a supply of non-coking coal is not leadily obtainable. 

THE WITHDEAWAL OF THE OIL VAFOURS 

The early withdiawal of the oil vapouis fiom the xotort after their formation 
s desiiable loi both physical and chemical reasons. Fiom the physical standpoint 
he early withdrawal of the hydrocarbon gases means the savmg of a certain 
amount of heat Any heat supplied over the inmimum necessary to form the 
vapours and gases is wasted, since the gases are in gcncial condensed and cooled 
>efoie being further utilised A low final temperature of the evolved gases there- 
ore not only throws less work on the condensing plant, but also assists in increasing 
he efficiency of the heating arrangements and in decreasing the time of carbomsa- 
lon 

From the chemical standpomt the gases and vapours should not be subjected 
or long periods to radiant heat, and it is desirable to prevent them from coming 
uto contact with the hot walls of the retort, or from passmg for any appreciable 
Listanco through the hot charge, m order to avoid undue cracking and decom- 
)Osition of the gases and oil vapours It is well known that the volatile products 
if one temperature aie readily decomposed at a higher temperature. This may 
>0 sometimes desirable m gas-worics practice, when gas of the declared calorific 
^alue IS the mam product, and is sometimes indeed, deliberately done in order to 
‘ crack ’’ the higher hydrocarbons into the lower with the deposition also of free 
arbon In the case of low temperature carbonisation, it is necessary to reduce the 
ree space above the charge to a minimum m order that the oil vapours will he 
nthdrawn from the retort as speedily and uniformly as possible after their formation. 
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Oil vapotixs can, in general, be withdrawn from stationary horizontal retorts 
sooner after formation than from rotatmg and vertical retorts. If the material is 
progressively advanced through a horizontal non-rotating retort, eduction pipes 
can be conveniently placed for the withdrawal of gases. It is true that a fractional 
distillation occurs in a continuous vertical high temperature retort since, with an 
open charge, the products of carbonisation have to pass through no higher tem- 
perature than that at which they are evolved. It is, however, important to 
differentiate between the behaviour of the condensible and the non-condensible 
gases durmg this process. The non-condensible gases are probably not affected, 
but the condensible gases, passing upwards through the cool portion of the retort, 
will be subjected to a complex series of condensations and re-evaporations which 
cannot be beneficial to the lighter fractions of the oil vapours. On the other hand, 
by having the eduction pipes suitably located, the condensible and non-condensible 
vapours can, in the case of a horizontal retort, be withdrawn mto a condensing 
chamber at practically the same temperature at which they are formed, and with 
a TYiTnimum of condensation withm the retort It is quite certain that the frac- 
tional distillation of the contmuous vertical high temperature retort docs not in 
practice give the same quantity or quality of oil yield which may be obtained by 
low temperature carbonisation 

Although eduction pipes can be more suitably placed on horizontal than on 
vertical retorts, the fractional condensation of the oil vapours should not be 
attempted It has been demonstrated again and again that it is not possible to 
condense the oil vapours fractionally with any degree of commercial success 

THE CONTEOL OE THE TEMPERATURE OF THE CHARGE 

Sufficient has already been said about the carbonisation of coal to indicaie> the 
desirability in low temperature work of keepmg the temperature of the charge 
below an upper limit It is as desirable also to prevent local overheating, or indeed 
local underheating The use of a very high flue temperature m an externally 
heated retort in order to reduce the time of carbonisation of the charge would 
demand a very careful control over the process which could probably not be realised 
m practice 

It would appear that temperature control is likely to be exercised bettor in a 
contmuous than in an intermittent process. In a contmuous process not only 
should the temperature of the heatmg medium be under control, but also its volume , 
or m other words, arrangements should be made so that the quantity of heat avail- 
able for carbonising purposes can be adjusted from time to time to allow for varia- 
tions m the quantity and physical characteristics of the throughput. The compactness 
of a retort is a further feature which facilitates a good control over the temperature. 
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No attempte have yet been made on a fiill-ecale plant to vary tlie beat supply 
to a charge during different phases of its carbonisation The effects of slow and of 
rapid heatmg of coal at various temperatures have already been discussed (page 
96), but BO far the beneficial effects of slow heating up to 200° C. and of 
rapid heating after 400° C. have not been utilised on any jiractical scale. Un- 
doubtedly there are difliculties in carrying out a suggestion of this sort, but these 
difficulties do not appear to bo insuperable in certain designs of retort which have 
already been suggested. 

It should be pointed out that variations m the heating temperature are less 
likely to occur in fire-brick than in metal retorts, because of the quantity of heat 
stored in the larger bulk of the former tyjjo of rotoit. Tins advantage is more than 
offset, however, by the greater liability of the brick retort to develop leaks. 

THE CONSEEVATION OF HEAT 

Heatmg losses by radiation and convection, and m the flue gases and the 
discharged coke should be reduced to a minimum If it is absolutely essential to 
utilise the non-condcnsible gases to heat the retoit, paiticular attention should be 
paid to Ihe location and design of the burners In many of the processes for low 
temperature caibonisation which have been tried, particularly m retorts of the 
horizontal type, this seems to be a very common source of weakness. 

From the standpoint of heat conservation it would appear that a continuous 
process is likely to be more successful than one of an intermittent nature In the 
latter the reinrt is cooled each time a fresh charge is put m, and the temperature 
difference between the flue gases and the carbonising material is different at 
different periods of the treatment The rate of heat flow towards the end of the 
treatment is therefore very small On the other hand, each part of a retort m a 
contmuous process remains at the same temperature, and the retort may therefore 
be designed so that the exit temperature of the flue gases is continuously at a 
minimum Incidentally the life of a retort woiking under steady conditions is 
likely to be longer than that of one working under intermittent conditions. 

SIMPLICITY OF THE CONSTEUCTION AND OPEEATION OF THE EETOET 

To reduce liability to break down and the consequent maintenance costs, the 
machinery must be simple and as “ fool-proof ’’ as possible In particular there 
should be a mmimum of working parts, sucb as Imuclde -joints, etc., exposed to 
high temperatures. Provision should be made for the expansion and contraction 
of the retort under varying temperatures. The plant should be capable of con- 
tinuous operation for lengthy periods, and not require frequent attention for small 
repairs. It is desirable that control of temperature should be possible at various 
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parts of tlie retort, and local overheating of the material should be carefully guarded 
against The retort should be air-tight as the presence of air not only destroys 
the coke but dilutes the gases and spoils the oil products. Leakage outwards 
increases the difficulty of controllmg the temperature owing to the presence of an 
uncertain amount of combustible gases m the flues. The plant should require a 
TmuTmum consumption of heat, power and water. 

THE REDUCTION OF CAPITAL, MAINTENANCE AND LABOUR COSTS 

In order to increase the financial rate of return on a plant of given size, it is 
obviously necessary that the capital expenditure and mamtenance costs must be 
low, and that the throughput must be mcreased to a maximum 

Low capital and mamtenance costs depend very largely upon the materials 
employed m construction and upon the general design of the retort A plant 
which IS bulky for the throughput attamable has less chance of commercial success 
than one of small size Much of the by-product recovery plant is common to all 
processes and is now largely standardised, hence the costs of any proposed process 
may be appraised m terms of the costs of the retortmg plant. Considerations 
affecting these will be discussed later. 

The question of the best throughput for a given size of retort is one which is 
not easily decided Experimental evidence is required to determine the best rate 
of rise of temperature of the carbonismg mass. Speed is of decided unportance in 
increasing the throughput, but throughput may be bought dearly if the material 
is only partially carbonised, while the effect of “ stewing ’’ at the maximum 
temperature on a commercial scale may have the result of decreasmg the qualiiy 
and quantity of the oil yield The published data of gasworks experience, and 
the procedure m connexion with the shale oil industry of Scotland, are of great 
value, but this information must be modified to suit the different conditions of 
working for low temperature carbonisation, and further data from a commeicial 
plant are required. 

The size of a unit retort has also an important bearmg upon the capital cosi. 
The lower the throughput per unit retort, the larger must be the number of rotor Ls 
for a given total daily throughput There are certam advantages to bo derived 
from havmg a Large number of units, e g a stoppage m one retort for repairs or 
cleanmg need not appreciably affect the workmg of the plant, etc , but there aio 
also serious disadvantages such as the occupying of more ground space, more com- 
plications in chargmg and emptying, etc , all of which tend to mcrease the capital 
and mamtenance costs. In developmg a new process it is essential for the large- 
scale trial to be made on a imit plant of such a size as can be readily duplicated 
to form an economical battery should success be achieved. If, m order to reduce 
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necessary in tbe full-scale plant, tbe results cannot be directly applied, owing to 
the differences introduced by the scale effect. It would appear that the throughput 
of a unit retort, built to try out a process, should bear such a relationship to the 
total throughput which is eventually to be caibomsed that its multiplication mto 
batteries would not render excessive the total number of retorts m any one bench. 

The magnitude of the throughput of a plant has also an important bearmg 
upon the maintenance costs. As the overhead charges remam nearly constant 
for all throughputs, it follows that the cost of retorting per ton is less for large 
throughputs than for small 

Labour costs must also be low The working operations should bo simple, and 
the plant should require the minimum of attention after the final adjustments 
have been made. The process should preferably be continuous in action, so that 
labour-savmg devices for charging and emptymg the retorts can be easily employed 
In mstallmg labour-savmg machmery, due regard must, of course, be paid to its 
capital and maintenance costs A fuller discussion of the economics of the subject 
appears in the last chapter of this volume. 
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THE PRODUCTS OF LOW TEMPERATURE CARBONISATION 

COKE 

INTRODUCTORY 

The study of the behaviour of various types of coal carbonised at temperatures 
up to 600° C. or 700° C. has thrown much light on the influences which determine 
the physical structure and properties of the resulting coke. It has been shown 
that the sponge-like structure results from the simultaneous fusion and evolution 
of gas which occurs mainly between 350° C. and 700° C. It follows, therefore, that 
when coke is produced in ovens and retorts by the immediate application of external 
temperatures of 1200°-“1400° C., the successive layers of the coal mass must 
necessarily pass through this stage of fusion and gas evolution. It may therefore 
be accepted that the ultimate structure of high temperature, as well as of low 
temperature coke, is mainly determined during this stage, and the study of what 
further occurs at higher temperatures, after the fusion stage is passed, can be more 
eflectively pursued by direct application of these high temperatures to material 
which has been produced by the initial apphcation of the temperature of 600° C 

A complete study of all varieties of coke is beyond the scope of the present 
volume It will, however, be helpful to summarise at this stage some of the 
properties of cokes produced by high temperature processes, in order to see clearly 
the fundamental similarities and difierences of high and low temperature products. 
The same course will be followed m the succeeding chapters dealing with the other 
products of low temperature carbonisation. 

PRODUCTION OF HIGH TEMPERATURE COKE 

It has already been stated that high temperature coke is produced in two 
existmg industries, viz {a) the gas industry, where the production of gas of suitable 
calorific value is regarded as the primary aim, but in which the solid residue usually 
represents the greater proportion of the potential energy of the coal carbonised, 
and (b) the coke oven industry, in which the chief object is to produce a dense, 
bard coke suitable for blast furnace or metallurgical uses, tbe tar and gas forming 
valuable by-products. 

CHARACTERISTICS OF HIGH TEMPERATURE COKE 
(a) Gas Coke 

In the gasworks process carbonisation is carried out m externally heated 
horizontal or vertical retorts at temperatures ranging from 1000°-1300° C. The 
constitution, calorific value and other properties of the resulting cokes depend largely 

140 
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upon tlie nature of tlie coals used in tlieir production, since the wliole of the ash 
remains m the coke, together with from 1 per cent to 6 per cent of volatile matter. The 
representative proximate analyses given m Table XXIV (p IdS) show that a gasworks 
coke has a composition of some 85 per cent “fixed carbon,” 10 per cent to 13 per 
cent ash, 1 per cent to 3 per cent volatile matter, and about 1 per cent moisture. 
The coke for sale usually contains a higher peiceiitage of water than this, and 
contents of from 6 per cent to 16 -pex cent, according to the conditions of quenchmg, 
storing, etc , are of frequent occurrence Gas coke is a moderately hard, porous 
mass, with roughly rounded surfaces , in colour it is greyish, with a somewhat 
metallic lustie, and frequently shows a yellowish tinge. It is softer than oven coke, 
and having been caibonised at lower temperatures, contains rather more volatile 
matter The use of a strongly cakmg coal for gas making purposes in some parts 
of the comitry produces a coke which is sufficiently strong and hard to servo as a 
metallurgical coke, but as a general rule gas coke is unsuitable for this purpose 
On account of the difficulty of ignition, and the unpleasant smell sometimes 
associated with its combustion, gas coke is not popular amongst domestic users. 
The difficulty of ignition is due partly to the low volatile content, partly to the 
high moisture content, and jiartly to inherent characteristics of structuie of the 
coke 


CHARACTERISTICS OF HIGH TEMPERATURE COKE 
(b) Oven Coke 

In the coke oven process the charges are firmly packed in recovery ovens and 
lieabed to temperatuies of 1200° C or 1300° C. The swelling nature of the coals 
used causes prcssuie to bo exerted on the walls of the oven, and the final pioduct 
is a very hard dense coke, which is capable of resisting heavy weights wiLhout 
crushing It was clearly demonstrated by Dr Lessing^, in 1912, that the excessive 
frothing of certain coals could only occur when sufficient room was given for free 
expansion. If the coal is confined, the large bubbles, which would otherwise tend 
to form an excessively spongy and weak coke, are burst by contact with surrounding 
paiticlos tliemselves confined by the walls of the retort The cEect is clearly 
shown in the laboratory apparatus devised by Lessing, m whicli ground coal 
IS carbonised m a vertical silica tube heated externally A loosely fitting plunger 
rests on the coal, preventing expansion, wliilst at the same time allowing the 
gas to escape through the annular space between the plmigcr and the walls of 
the tube 

' Lessing, K “A Laboratory Method foi Comparing the Ooldng Propeifcies of Coal ” Proc Inat 
Gas ISngis , 13th Juno, 1912 See also Fuel Research Board Physical and Chemical Survey of the 
National Coal Resources, No 2 Interim Report on Methods of Analysis of Coal (H.M Stationery 
Office ) 
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PRODUCTION OF LOW TEMPERATURE COKE 

In tlie low temperature process, as its name indicates, the temperatures attained 
in the retorts, which are usually in the neighbourhood of 600® C., are much lower 
than those obtaining m either gas or coke works practice. In most of the present- 
day systems attention is directed chiefly towards makmg a coke with certam 
desirable characteristics not usually possessed by high temperature products. This 
can generally only be secured by leavmg m the coke a greater proportion of volatile 
matter than would be left in high temperature coke, and the yield of gas is there- 
fore low It has already been explamed that the fuel oil obtained is of great 
significance, and that the high calorific value of the gas makes up to some extent 
for its relatively small volume, especially in view of its value as an enrichmg agent 
for low grade gas. 

There are essential difierences in the various systems which have been adopted 
for low temperature carbonisation processes, but these fall approximately mto 
three mam classes, which are described m detail elsewhere , in the first two, the 
retorts are externally heated, but m the third the crushed coal is exposed to the 
action of heat derived from producer gas, which is passed over and through the 
mass of coal The nature of the cokes produced, both in regard to chemical consti- 
tution and physical characteristics, bears a close relation to the nature and mode 
of preparation of the parent coals, and to the particular method of carbonisation 
adopted, but in general low temperature cokes have a duUer appearance than gas 
or oven coke, are softer and more friable, and are sometimes lackmg in imiformity 
of texture. Their chief difference m chemical composition from gas or blast furnace 
coke lies m their relatively high proportion of volatile matter, which is usually 
between 7 per cent and 10 per cent The temperatures employed m low temperature 
mstallations (up to say 650® C ) are so near the decomposition temperature of the 
coal itself, that the treatment which it receives mside the retort has a considerable 
mfluence upon the nature of the coke produced As explamed in Chapter X, 
non-calong bituminous coals give cokes which are soft and friable and quite 
unsuitable for transport, while the use of strongly cakmg coal renders difficult the 
satisfactory design of mechanical details of the retort For satisfactory results, 
therefore, the coal used must either be sufficiently caking to yield a strong, coherent 
coke under the given workmg conditions, or must be mixed or blended with good 
cakmg coals iu such proportions as to afford the necessary strength to the resulting 
coke The results of recent researches have clearly mdicated the important part 
which is played by the breakmg down and blendmg of different types of coal m 
securing those qualities of homogeneity and physical texture which are so material 
to any form of smokeless solid fuel intended for domestic use The effect, in 
addition, of briquetting fine coal by subjecting it to high pressures prior to 
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carbonisation is receiving mncli attention, and it is probable that this treatment 
will simplify and cheapen the subsequent operations of carbonisation. Experience 
has shown that the briquettes produced in this way from certain coal blends may 
lack robustness, and so tend to break dowm during the subsequent carbonisation ; 
but recent experimental work at H M, Fuel Eesearch Station has proved that by 
briquetting the same dismtegrated and blended coals at temperatures high enough 
to cause incipient fusion of some of the constituents, a robust type of briquette 
may be obtained with a coarser mateiial, and with a lower pressure than would 
otherwise be required. 

VARIETIES OF LOW TEMPERATURE COKES OBTAINED FROM 
DIFFERENT PROCESSES 

In Chapter XVII, details of the plant and methods employed in the various 
types of low temperature carbonisation processes will be given, but the com- 
positions of certam varieties of low temperature cokes, which have been chosen 
as representmg typical carbonising systems which diller fiom one another m some 
essential feature, are here given in Table XXIV, in conjunction with those of gas 
and oven cokes Analyses Nos 6 and 8, the Maclaurm and Sensible Heat ” 
(Nielsen) products respectively, represent cokes from internally heated retorts , 
aU the others are from externally heated retorts. The coke m Analysis No 4 
IS thafc prepared at H M Fuel Research Station from a blend of caking and 
non-cakmg coals m such proportions that a slight shrmkage takes place on 
carbonisation, and no artificial pressure on the fused coal is necessary for the 
formation of hard coke. A coke of a similar character is that made by the Coalite 
process (Analysis No 5), wherein coal blending is also employed, but where the 
fuel IS in addition confined to some extent during carbonisation. In the Pure 
Coal Briquette ’’ process (Analysis No 9) the coal briquettes are subjected to 
varying stages of heatmg as they pass down the retorts, and the method also 
diflers from others in that the coke is finally heated at the bottom of the retort 
to temperatures which are high enough to reduce the quantity of volatiles to about 
2 per cenfc or 3 per cent. As has already been stated, the authors of this process 
consider that the fine cell structure of the emergent coke, which will bo discussed 
m more detail later, compensates for the lack of volatile matter, so that the free 
burnmg qualities of the cokes are not forfeited, 

THE CHARACTERISTICS OF LOW TEMPERATURE COKES 

( a ) Coherency 

The coherency of a coke has already been shown to depend upon the presence 
in the coal in sufficient quantity of substances which upon carbonisation act as 
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binding materials to other constituents If this binding material is m excess, steps 
must be taken to prevent excessive foammg This nray be effected m various 
ways, such as by confining the coal, as discussed above, or by subjecting the 
material to a pre-heat treatment or to oxidation, which will destroy some of the 
binding material. The most promising method, however, is to provide, by blending 
with a non-caking coal, a sufllciency of more inert material to absorb and so utilise 
the excess binder m the swelling coal 

Figs. 15 and 16, reproduced by permission of Sir George Beilby, illustrate cokes 
produced from different coals in the laboratory assay apparatus. In Fig 15, at 
A, is shown the result of carbonising a type of coal (Ellistown Mam Breeze) deficient 
m cakmg power, the residue talang the form of a non-coherent powder only 
suitable for briquetting or burnmg m the pulverised form. On the other hand, 
at C, the coke from Mitchell Mam coal has foamed up durmg carbonisation and 
become stereotyped in that form. It is friable and quite unable to stand transport 
At B the result is shown of intimately mixing the above two coals before caibonisa- 
tion. The coke, which has shrunk durmg the process, is stroug and fine gramed 
and eminently suitable for use as a smokeless fuel ^ 

It IB well known that most coal seams present a succession of bands of variable 
fusibility, each of which if carbonised alone would produce a coke of different 
structure It wiU be seen therefore that such seams, when carbonised as a whole, 
will produce cokes of varying characteiistios according to the proportions of the 
caking or non-cakmg bands present It sometimes happens that the two types 
are present in such proportions that a good coke is produced without additional 
blending or external pressure An example of such a coke from Dalton Mam coal 
IS shown in Fig 16, A being a side view and cross-section, while B is a plan view 
of the same specimen 

Messrs Sutcliffe and Evans^ claim that most coking coals biiquettcd cold witli 
25 per cent of breeze without a binder and subsequently caibonised will give an 
excellent smokeless fuel, but it must be borne m mind that the biceze in le- 
caibonising takes up space in the rctoitvS, and yields no gas In tlie caibocoal 
process, low temperature coke is ground, blended with pitcli and briquetted, and 
the briquettes carbonised until a low volatile product is obtained The carbocoal 
briquettes are dense and strong and form an efficient substitute for anthracite 

(6) Volatile Content 

Table XXIV shows that the possession of 7 per cent to 10 per cent of volatile 
matter is a conmion property of low temperature cokes other than tlie exceptions 
referred to above. This high volatile content is to some extent responsible for the 

^ Sutcliffe and Evans “ Low v High Temperature Carbonisation ” P?oc ^ Wahb Inst IJJngis , 
20th April, 1922 
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easy ignition, and free burning properties of sncb cokes, and it bas been shown at 
H M. Fuel Research Station that the same process, m conjunction with different 
times of carbonisation, produces cokes of different combustibility, the easy com- 
bustibility of cokes containing volatiles of the above order being to some extent 
lost if the time of carbonisation is so prolonged as to reduce the volatiles to less than 
4 per cent. Bunte and Kobnel,^ however, claim that a low temperature coke once 
produced can be heated to increased temperatures out of contact with air, until 
all the volatile matter is removed, without mterfering with its property of ready 
Ignition 

(c) Structure 

It would appear, therefore, that properties other than chemical have a con- 
siderable bearmg upon the combustibility of a coke. Recent experimental work 
has indeed amply demonstrated the important consequences of structure, and 
has shown that one of the mam factors mvolved is the area of the cell surfaces 
upon which gases can act, and which it is desirable should be as large as possible. 
The structure of a coke is determined to some extent by the nature of the car- 
bonismg plant used, but is chiefly influenced by the action of the cakmg constituents 
of the parent coal The results of the ordmary methods of coal analysis may serve 
for a rough classification of coals mto types, but very little information is actually 
gamed thereby as to the real nature of the coal, or its probable behaviour on 
carbonisation. Further, most coal seams are built up of bands of coal which 
mdividually may differ considerably from the seam average, and which, therefore, 
if carbonised alone, would give correspondmgly different results. The temperature 
of carbomsation and the conditions under which it is carried out also affect the 
physical properties of the coke product. 

The question of the structure of coke was reviewed by Sir George Bcilby in 1922,^ 
when he described certam variations in structure of varieties from wood chaicoal 
to metallurgical coke. In wood charcoal the original cell structure of the wood 
is preserved, but observation showed that m coke produced from coal the final 
cell structure is that of bubbles formed from fused or paitially fused coal substance 
The first stage will be the formation of a foam in which each bubble is a seK-contamed 
cell, but mutual perfoiation of pomts of contact produces a spongy mass through 
which the gases ultimately escape. As the tempexature of the coal mass is raised, 
gas constantly forms , the development, therefore, is continuous Bubbles arc 
formed so long as the mass remams sufficiently plastic , but when this stage is 
passed no further development can take place, although gas may still bo evolved 
without further modification of structure. The temperature at which carbomsation 

^ Bunte and Kolmel, “ Coke Ignition Temperatures ” Qaa u Wasaerfach, October, 1922. 

2 Beilby “ The Structure of Coke its Ongm and Development ” Fud %n Science and Practice, 
December, 1922, 
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takes place, or, rather, the rate at which the temperature of the coal is raised, has 
a considerable bearmg upon the final structure of the coke which has been attained 
when rigidity sets in. Unless confined m some way, such as, for example, by solid 
boundary surfaces, the large bubbles which will be blown in a swelling coal will 
result in the production of a light, porous mass. If the coal, or coal blend, contains 
the correct proportion of fusible constituent, the final bubble structure will be 
governed by the initial state of division of the particles. With finely divided coal, 
for example, it will consist of minute cells of uniform structure. A dense 'fuel, 
with a largo number of such small cells per unit of the vitreous carbon mass, is the 
ideal generally aimed at It has been successfully attained, as already mentioned, 
by the blending of fusible and non-caking coals, which is fuUy described in the 
Report of the Fuel Research Board. ^ In this method, mixtures can be obtained 
which will pass through the fusion and bubble-formmg stages without external 
swelling, and which will yield a fairly hard coke of slightly less volume than the 
original coal. 

Several other investigators have shown that a similar effect can bo produced 
by using coke breeze instead of the non-caking coal, and m many ofchcr low tem- 
peratuie caibonisation processes it is now recognised that coal blending is a very 
satisfactory method of giving a suitable fuel In the “ Pure Coal Biiquette 
process alicady xcfeiied to, the coal is vciy finely groimd after blending, m order 
that the ultimate structure of the coke may consist of very minute, but inter- 
connected cells. In this connexion it is of interest to note the high apparent 
density of this typo of coke, which has been given as 1 15 in comparison with the 
moie usual values of 0 7 to 0 9 for other vaiioties of low temperature coke 

{ d ) Density, Porosity and Combustibility 

Sit George Beilby, from his studies of the foimation of carbon by the carbonisa- 
tion of sugar, and of the microstructure and properties of coke, has arrived at the 
conclusion that most carbonaceous residues, from wood charcoal to tho hardest 
coke, consist of carbon in tho vitreous state, i c it is a true glass The density of 
this material is in the neighbourhood of 1 85 to 1*9 as compared with 3 55 and 
2 55 for diamond and graphite respectively Until recently, metallurgists have 
considered density and porosity to be reciprocal the one to the other, that is to say, 
the usual method of calculating porosity has been by means of the ratio of the 
relative volumes of actual coke substance and interspaces It is obvious that a 
value for porosity calculated m such a manner can give no indication of tho actual 
area of mternal surfaces developed ; neither can any opinion be formed as to the 
accessibility of such mternal surfaces to an oxidismg or reduemg agent. Oombus- 

1 Fuel Research Board Report for Years 1920, 1921 ; Second Section . “Low Temperature 
Carbonisation.” (H.M Stationery Office ) 
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tibility lias been generally regarded as depending on cbemical rather than structural 
features in the coke ; but if the actual material of cokes possessing widely differing 
degrees of reactivity is such a definite substance as vitreous carbon, we must look 
elsewhere for an explanation of the differmg properties. The most likely direction 
is obviously in the amount of surface exposed to chemical action, A similar mass 
of carbon can obviously differ very widely m this respect. For example, we may 
have a solid mass of vitreous carbon concentrated in a cube of say one inch side, 
so that the area exposed to oxidation is six square mches, presuming a similar 
degree of exposure m each of the six surfaces ol the cube Again, the same weight 
of material might be arranged m the form of cubes of iV -inch side, with spaces 
of say between the faces of the cubes The area of eacli face of each cube 

would now be of a square inch, or a total of u square mches to each cube But, 
since we now have 1000 cubes, the total surface would be X 1000 = GO sq mches, 
or ten times as much surface as was possessed by the original 1-inch cube Further 
subdivision would result m mcreasmg the surface area to any extent wo please 
In the origmal cube, reaction can only take place over the external surface , 
but in the modified systems reaction can proceed on the surfaces m the mterior, 
provided always that a circulation can be set up which shall furnish a sufficient 
supply of oxygen for combustion, and at the same time remove efficiently the 
products of combustion However, if we proceed as above to increase the surfaces, 
we are at the same time rendering them more maccessible to the action of the other 
element necessary to the reaction It would therefoio appear that the increase ol 
surface provided by mmute subdivision will be eventually neutralised by difficulty 
of access of air to the mterior It is obvious, therefore, that the usual method of 
estimating porosity can give no indication of the relative area of the internal sui- 
faces, neither can it give any idea of the accessibility of such internal surfaces 
In this connexion Sir George Beilby has determmed the sizes of the larger bubbles 
in a typical metallurgical coke, since these are likely to be the most accessible. 
Such bubbles range from 3 or 4 mm down to 0 5 mm m diameter, and ho con- 
Bideis that the free circulation of gases will mainly occur through the larger of 
these, as they have probably been opened up and kept open by the rapid discharge 
through them of the carbonisation gases ” 

For dense, pre-briquetted coke obtained by fine grinding, he has estimated that 
the larger pores range from 0 5 mm down to 0 1 mm , but points out that “ the 
fact that the combustion of these briquettes proceeds definitely from tlio outer 
surface mwards shows that the internal circulation of the oxidising gases is much 
more restricted than m the case of metallurgical coke. Sutcliffe and Evans believe 
that the reactive surface of the coke briquette is so immensely greater than that of 
metallurgical coke that the increased rate of combustion more than compensates 
for the less free circulation through the mass.’’ 
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jection to tlie full temperature of 600° C. resulted m a very much more swollen 
coke than if the mass was heated more gradually. Heating of the laboratory assay 
tube by stages was soon discarded, as it led to condensation of the tar vapour along 
the charge and its consequent secondary decomposition. Attention was therefore 
directed towards findmg a set of conditions which would obviate so far as possible 
decomposition of the primary gas and tar, and yet produce a coke which was 
similar to that formed from the same coal m large-scale practice. The most impor- 
tant factor was obviously the rate of heating, and smce on a large scale the rate of 
heating is much slower than in any laboratory apparatus, it was decided to slow 
down the rate of heating in the assay method by starting at a low temperature 
and workmg up to the final. In an intermittent retort the outer layer is heated 
rapidly to nearly the full temperature, while the centre of the charge is probably 
not heated through for several hours In a vertical continuous retort the rate of 
heating would be more uniform, and the coal may be regarded approximately as 
passmg through successively mcreasmg zones of temperature to the final carbonising 
zone. The condition finally chosen for the assay was that the retort containing 
the dry coal should be mtroduced mto a chamber at 300° C , or well below the 
point of visible decomposition, and the temperature raised duimg one hour to the 
full value desired A further hour at this temperature completed the carbonisation 

The cokes obtained m this way were very similar m appearance and yield to 
the horizontal retort cokes, and when at a later stage a coke which would bind 
well without swelling was sought for, the apparatus became extremely useful for 
predicting the necessary proportions of caking and non-caking coals 

LOW TEMPEEATURE COKE AS A HOUSEHOLD FUEL 

The most important potential use for low temperature carbonisation coke is 
undoubtedly as a domestic fuel, though tests have shown it also to bo well adapted 
for industrial purposes, e g a gas producer fuel The open domestic fire, since it 
attains a relatively high temperature, emits the greater part of its energy as radui- 
tion. Determination! of the heat radiated therefore form a reasonable basis of 
comparison of the behaviour of difierent fuels for domestic purposes The work 
of Dr Margaret Fishenden^ has shown conclusively that the radiating power of 
coke, especially that produced from low temperature processes, is greatly superior 
to that of raw coal , for mstance the radiation efficiency, or the proportion of the 
theoretical energy of combustion of the fuel burned, delivered as radiation m three 
different types of sitting-room grates, was found by Dr. Fishenden to be 24 2, 19 6, 
17*3 respectively for bituminous coal, and 30*8, 24*0, 19 9 for a low temperature 

^ Fuel Research Board Tech Paper ISTo 3 “ The Efficiency of Low Temperature Coke in Domestic 
Apphances.’^ Margaret White Fishenden, D Sc. (H.M. Stationery Office.) 
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coke. The comparative performance of the two fuels, weight for weight, will 
obviously be dependent upon the relative calorific values, but it is apparent from 
the figures quoted that a low temperature coke of calorific value, say, 12,500 B Th.U. 
per pound, will m general give considerably more radiation than a coal fire burning 
at the same rate It will be noticed also in the figures quoted above that the higher 
the efficiency of the grate, the more pronounced was the advantage of the carbonised 
fuel over raw coal 

In addition, the easy ignition and free burning properties of low temperature 
cokes, the bright, hot, glowing and extiemely attractive fires which they produce, 
and the entire immunity of these fires fiom black smoke emission, render low 
temperature cokes a clean and convenient household fuel , and if such cokes became 
available in large residential centres the problem of mcrcasmg the efficiency of the 
open fire would bo greatly simplified 

When raw coal is burned in the open fire, its distillation in situ is the cause of 
the smoke trouble The smokeless combustion of the products of this distillation — 
gases and tar — can only be obtained by contmual care and attention that cannot 
be given m practice. Hence the chimney of an open fire which is continuously 
used must be swept several times yearly, while the unpleasant task of cleaning 
dampers and flues must be undertaken every few days With smokeless solid fuel, 
on the other hand, the operation in the fire is simply one of combustion, and no 
regulation is required other than that of the air supply, which controls the rate at 
which the fuel burns On account of the absence of smoke production, chimneys 
of reduced size are adequate, and correspondmg economy is gained in building 
and mamtenance costs The drauglit regulation itself is also simjilificd by the 
more uniform action of flues and dampers, which icmam clean and unblocked by 
soot or tar. 

For water heatmg, especially in independent boilers, low temperatuic cokes 
are again greatly superior to coal m actual efficiency, values of 20 7 per cent and 
17 3 per cent having been obtained by Dr Fishenden fiom the back boilers of 
ordinary latchcners as compared with correspondmg figures of 14 5 per cent and 13*1 
per cent for coal , and m an independent boiler an efliciency of 41 per cent for low 
temperatuie coke contrasted well with 31 per cent for coal Their easy ignition, 
freedom fiom smell, and certainty and simplicity of regulation dffierentiate them 
favourably from gas coke 

For oven heatmg m ordinary kitcheners, low tomperature coke appears to be 
somewhat less advantageous than raw coal. In most of the tests about equal 
numbers of heat units were required roughly to give similar results m oven heatmg 
or to cook similar menus In certain special ranges based upon mdependent boiler 
design, however, low temperature cokes appear to be better than coal. 

The probable behaviour of these brightly glowing fuels, with low volatile 
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contents, and consequently little flame, may frequently be anticipated from the 
design of the appliance m which it is proposed to burn them. Their advantage, 
in fact, is largely due to enhanced radiation — ^though the non-luimnous flame 
produced from the remaining volatiles is not without its effect — and is most marked 
when the distance between the fuel bed and the oven or boiler surfaces is low, 
or the fuel bed enclosed. Where the oven or boiler surfaces are far removed from 
the fuel bed, the superiority of coke is dimmished, or even in certain cases may 
disappear. In these cases the direct contact of the long and far-reachmg flames 
of bituminous coals apparently more than counterbalances the higher radiation 
from the coke. When it is considered that the practical comparisons given above 
refer generally to appliances planned to burn coal, the favourable results obtained 
with the new fuels may be considered highly satisfactory, for there is little doubt 
that m appliances specially designed for the latter, their superiority might be 
considerably magnified. 

For household purposes, it is essential that cokes should be produced in such a 
form as to be easily handled. Moreover, the mdividual pieces should be roughly 
uniform both in size and structure, so as to be suitable for charging on any oidinary 
domestic grate. They should also be strong enough to resist severe handling without 
excessive breaking, and be reasonably clean to touch In the early days of low 
temperature carbonisation, the resultmg cokes from the non-caking coals used 
were friable and uneven m structure , but the material pioduccd more icccntly, 
if not entirely free from these faults, proves, both m size and shape, a higlily 
convenient fuel No one who has had experience of the bright, hot, uniform and 
extremely pleasant fires which good low temperature cokes produce would wish to 
exchange them for the old, smoky coal fire, and the economic production of a 
satisfactory low temperature coke on a large scale should piove an immediate 
amelioration of the smoke nuisance. 

LOW TBMPERATUEB COKE AS A PRODUCER FUEL 

Low temperature cokes are eminently suitable foi gas producers, as the gas 
formed is higher m calorific value than that from gas coke, and is fxee from the 
tarry deposits characteristic of richer fuels. The practical application of low 
temperature coke to gas producers offers a means of making a very ready compai ison 
of its increased combustibility over that of ordinary gas coke. Table XXV 
gives the results of experiments carried out at H.M Fuel Research Station on two 
samples of coke crushed to the same size, and burned in a small gas producer under 
‘ji_„4.,cal conditions. It will be seen that the rate of combustion of carbon was 
cent higher for the low temperature coke than for the gas coke. The greater 
reaction is also indicated by the increased temperature (200° C ) of the 
)f the producer in the case of the low temperature coke. 
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A Bomewhat similar method of comparing the combustibility of cokes has been 
described by G, Tammann.^ In this method the cokes are consumed in small 
cylinders, open at the top, mto which equal quantities of air are blown The relative 
combustibility is then measured by comparing the heights of the cones of burning 
carbon monoxide. 

TABLE XXV 

OOMPABXSON OF LoW TEMPERATURE COKE AND GaS CoKE UsED IN PRODUCERS 


H M Fuel Research 


Rato of consumption of coke lb per hour 

Station Low 
Tomporature Coke. 

8 63 

Vortical Eotort 
Gas Cok® 

6 12 

Rate of consumption of carbon Ib. per hour 

6 56 

5 33 

Temperature of hot zone 

1000° C. 

800° 0 

Composition of gas made — 

CO, 

10 1 

14 3 

0, 

04 

09 

00 

17 2 

86 



— 

CH, 

— 

— 

N, 

72 4 

76 2 


LOW TEMPERATURE COKE AS AN INDUSTRIAL EUBL 

Considerable attention has been devoted diirmg locent years to the application 
of gas coke as a steam-raining fuel, partly on the groiuids of smoke abatement, and 
partly with a view to absoibmg the contmuc.Uy increasing coke yields of our gas- 
works For these reasons many laige concerns have adopted coke as a boiler fuel. 
The Pans Gas Company in 1910 adopted gas coke for boilers, after carrying oui- for 
one year tests m which gas coke and coal were found to be about equivalent, weight 
for weight, the higher efficiency given by the coke, and the reduced loss m small 
particles of unburned fuel, making up for the lower calorific value The value 
of the pioneering work of Mr. E W. L. NicoP and the London Coke Committee, 
both during and since the war, m encouraging the industrial use of gas coke, is of 
great importance, and is discussed at length in another volume of the jiresent 
scries 

Although there are few published data regardmg the efficiency of low tem- 
perature coke as a fuel for steam raising, such experience as is available shows that 
it shares the advantages of coke firing without some of the disadvantages associated 


^ G Tammann Stahl und JSisen, 1922, 42, No, 15, pp. 577-8 
2 Nicol, E W L. CoJee and Its Uses (Benn Bros ) 
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temperature products. Low temperature coke as a boiler fuel behaves 
aanner to a smokeless Welsh steam coal. It is easily kindled and 
ith a good radiation efficiency The total absence of smoke-producing 
r renderj it easy to mamtam the chimney absolutely smokeless. Its 
itage IB that associated in some cases with its bulk, so that weight for 
vitn hand stokmg, the ffimg has to be more frequent than m the case of 
cuai, m order to maintam a uniform fire and so obtain the maximum economy. 
The pre-briquetted form of low temperature coke being much denser would of 
course not share this disadvantage. 

PULVEEISED LOW TEMPERATUKE COKE 

The possibility of using low temperature coke in the powdered form has been 
pointed out by S W. Parr and C K Francis ^ The burnmg of fuel m the finely 
divided form has lately been malang great strides in the United States of America 
and on the Contment. In this country, however, with the exception of the cement 
mdustry, where powdered coal is used exclusively in the rotary kilns, progress 
m the utilisation of pulverised fuel has been disappomting. Signs are not wantmg, 
however, that our mdustriahsfcs are begmnmg to realise that there are certain 
manifest advantages to be gamed by the utilisation of fuel in this form. Progress 
IS likely to be hastened by the most recent development which has taken place, 
VIZ the pulverisation of the fuel in small self-contained pulverisers, situated 
practically at the furnace mouth. This method completely obviates the necessity 
tor the cumbersome and costly plant associated with some of the earlier instal- 
lations. 

The advantages of pulverised fuel are summarised in the General Electrtc Review 
for May, 1918, as follows : — 

(1) Flexibility of control of fuel and air, and ability to extinguish the fire 
instantly. 

(2) Complete combustion even at high rate of burning, and elimmation of smoke, 
always assummg that the installation is properly made and operated. 

(3) Burning fuel m suspension eliminates the usual troubles which result from 
the formation of clmkers m the fire bed when the coal is burned m giatcs 

{4) Low grade fuels may be burned efficiently regardless of the pioportion 
of ash, sulphur or other impurities. Where low grade fuels aie burned in 
grates, the capacity of the furnace is reduced m proportion to the percentage 
of mcombustible content. This limitation does not hold when burning pul- 

Parr, S. W , and Prancis, 0. K. ‘‘ The Modification of Illinois Coal by Low Temperature 
Distillation ” JBvUetin, 24, XJniv. of Hiinois 
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vcrised fuel in suspension, as fclio amount of ash. in suspension in the flame 
at any one time is inconsiderable. 

(5) Very little excess air is required. This reduces the stack loss as well as 
the power required for the draught blowers. Less area is also required m 
flues and stacks. 

(6) Maximum fuel economy is possible in many applications. 

(7) The expense of supplying coal to scattered industrial furnaces is thereby 
reduced to a minimum Pulverised fuel has semi-fluid properties ; it flows 
easily and can be transferred through pipes, 

(a) by screw conveyors , 

(b) in a mass by means of compressed air ; 

(c) ill suspension in a current of air. 

For satisfactory and easy burning in the pulverised form it is desirable that a 
uel should contain about 10 per cent of volatile matter Smce this is the amount 
isually left in a low temperature coke, pulverisation is a very attractive method 
'or utilisation of the fines and breeze which are associated with some of the systems, 
[ndeed, if there were a free market for the fines such as would present itseH if there 
s m the near future a great development of powdered fuel installations, the range 
)f coals available for low temperature carbonisation would be widened, and cerfcam 
iarly types of retort might become profitable m working. 

Another advantage of low temperature coke as a raw material for pulverisation 
8 its comparative friability One of the chief difficulties encoimfcered m the pulveri- 
lation of some othei fuels is the excessive wear and tear of the grmdmg apparatus 
[t IS unlikely that it would be economically soimd, unless in exceptional cases, to 
Tin a carbonismg plant for the purpose of disposing of the whole of its coke as 
b material lor pulverisation, but, if it wexe possible to do this, the carbonismg 
ilant and the coal carbonised could be arranged to deliver a coke in which the 
iroporty of easy pulverisation could be developed to the utmost extent. 
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GAS 

COMPOSITION OF GAS OBTAINED FROM LARGE-SCALE PLANTS 

It lias already been explained that the composition of the gases which are 
evolved dnrmg the thermal decomposition of bituminous coal varies not only with 
the temperatures employed, but also with the time over which the operation 
extends, the rapidity with which the volatile products emitted are removed from 
the retorts, and other practical conditions 

In any large-scale practice, the primary products of distillation are subjected 
for some time to the heat of the retort. Owmg to the secondary decomposition 
which is thereby caused, neither the gaseous nor liquid products of carbonisation 
actually collected represent the true products initially liberated from the heated 
coal Moreover, as coal is an mdifferent conductor of heat, the temperature of 
the charge m the retort is far from uniform, for while certain parts may become 
heated rapidly, others pass through a more gradual change 

It IS not therefore possible to give specific analyses of the gaseous pioducts 
associated with difierent coals and different temperatures of carbonisation which 
will apply precisely in all cases The published data of large-scale gas compositions 
are few, but Table XXVI shows analyses of the actual gases obtained m two large - 
scale plants which are typical of external and internal methods of heating These 
aie • Fuel Research Board horizontal retorts and the Maclaunn retort The former 
may be compared with the composition of the gas produced on the laboratory scale 
by Wheeler, usmg Altofts Silkstone coal, carbonised at tempeiatures of 460° C and 
600° C. respectively, and that obtained from H M. Fuel Research Station Assay 
method already described. (Page 60 ) The gas obtained with the internal system 
of heating is not comparable with these laboratory lesults since it contains com- 
bustion and piodiicer gases inherent to its particular system of heating 

COMPOSITION OF GAS OBTAINED IN LABORATORY EXPERIMENTS 

In Tables XXVII and XXVIII detailed figures of Burgess and Wheeler’s^ 
small-scale experiments m vacuo at temperatures rangmg from 100-800° C are 
shown, and bring out clearly the critical period in the decomposition of the coal 
between 700° C and 800° C , which has already been discussed m Chapter VI 
In general the composition of the gases obtamed from full-scale mstallations differs 
considerably from that yielded m laboratory experiments, though that produced 
m the large-scale experimental plant at H.M Fuel Research Station is closer than 
many others The causes of the divergence may be classed broadly as (1) the dilution 

» Burgess and Wheeler. “ The Distillation of Coal m a Vacuum.” Trans, Ohem Soc ,1914, 105, 131-40. 
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le rich gas made with a heating gas or a gas made at a different temperature, 
( 2 ) the ‘'crackmg’’ of Lho rich gas and primary tar to a greater or less degree. 
Maclanrin retort, in which the heatuig is produced hy tlie internal coinhustion 

TABLE XXVI 

Composition of Gas Made in Processes for the Carbonisation op 
Coal at Low Temperatures 


Proces s 

Burgess and 
Wiiecloi ^ 

(Lab scale) 

Roseai oh Sin 

Maclaurm 
Retort ^ 

“Assay” 

Hoii- 

zouial 





Retorts 


ort temp, ° 0 

450 

GOO 

600 

GOO 

700 

1 used 

Altofts 

Dalton 




Silkstone 

Main 


made c ft pei bon of dry aah-fioc 
oal 

tlysis — • 

1 

431 

3550 

3680 

3440 

27,730 

G 02 ,H> 8 , etc 

15 65 

4 90 

8 8 

7 6 

62 

CJ1„. 

9 45 

7 00 

3 6 

9 1 

Nil 

0 . 

— 

— 

— 

— . 

0 6 

00 

8 76 

7 10 

5 8 

5 8 

16 0 


7 00 

26 60 

26 3 

17 1 

16 1 

CnH 2>i -I'- 2 

59 10 

54 40 

55 4 

56 0 

13 0 

N, . . 

— 

— 

— 

4 4 

48 1 

lie of n ” in paraffins 

1 57 

135 

1 27 

1 24 

— 

)rific value B Th U ’s per cu ft 
] 60° and 30" said (gross) 

1100 

900 

850 

1030 

247 


irt of the coke, and the Nielsen retort, where carbonisation is oilccted by the 
bio heat of producer gas, are examples of the first case In the Pure Coal 
uette ’’ process the rich gas which forms at the top of the vertical retort is 
ed by higher temperature gas generated lower down the letoi't after the 

^uigoss and Wheeler, Trans, Chem Soc , 1910, 97, 1917-35 

laclaiirin, R “ Low Temperature Carbonisation of Coal ” Froc, 8 Wales Inst, of Eng , 20th April, 
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greater part of tlie volatile matter lias been removed by true low temperature 
distillation. 


TABLE XXVII 

Composition op Gases Collected in Vacuo by Burgess and Wheeler^ 
Dry Silkstone Coal Used and Gas Calculated as Nitrogen Fbee 


Temperature ° 0, 100 


Gas . — 

Vol. @ N.T.P. per 100 


grammes c.c. 

34 0 

H^S . 



GO 2 . . . 

6-70 

0, . . . 

1-65 

CaH, . 

0 85 

(n>2)0„H2„ . . 

130 

00 . . . 

1-40 

H, . . 

1 90 

2 n -}-2 

84 65 

n/v for paraffins 
(or number of OH 2 groups per 
umt volume of paraffins) 

2 21 


Appearance of H^S was at about 270° C 


100 

200 

300 

360 

to 

to 

to 

to 

200 

300 

350 

400 


65 5 

58 5 

986 0 

4000 0 





1-70 

0 70 

8 85 

35 35 

20 96 

2 86 

0 70 

0 55 

CgHaO-lS 

Call 2 trace 

0 86 

106 

190 

2 36 

2-90 

18 86 

17 90 

616 

2 60 

10 60 

3 40 

3 40 

2 76 

13 36 

16 36 

36 90 

81 00 

18 86 

37 22 

46 66 

— 

100 00 

— 


1-84 

143 

0 311 

0-302 


tins 18 included in the figure for GO 2 


THE EFFECTS OF CEAOKING ’’ 

When the gas and tar vapour leaving the coal at a certain temperature is 
subjected for any length of time to the carbonismg temperature, or to the effect 
of heat radiated from the sides of the retort, secondary changes take place which 
are generally classed under the name of ‘‘ cracking.’’ In these changes both gas 
and tar vapour are affected, and the general effect is the reduction of bodies of high 
molecular weight to others of lower molecular weight, with deposition of carbon 
and formation of lighter hydrocarbons and permanent gas. A similar effect is 
produced if the vapour when once formed is allowed to condense upon cooler coal 

1 Burgess and Wbeeler Trans, Cham Soc , 1914, 105, 131-40. 
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and is later re-carbonised The factors governing the changes which take place 
owing to the cracking of the rich gas and primary tar are many, and they are 
further complicated by the natural effect of increased temperature as already 
indicated. 

In any carbonising system on a large scale, the formation of gas at difierent 


TABLE XXVIII 

Gases Collected by Buegess and Wheelee^ 
Coal Used * Altoets Silkstone Seam 


Temperature ** C 

460 

600 

000 

700 

760 

800 

Gas (N.T.P.) 

c c per gramme of asli free 
dry coal 

12 0 

29 9 

99 00 

124 00 

154 00 

218 00 

NH, 

4 70 

1 35 

1 40 

1 60 

5 20 

100 

OcHe . 

8 60 

4 85 

6 20 

3 40 


3 65 

00^ 

10 95 

3 60 

3 60 

4 05 

3 30 

170 

. 

Nil 

0 35 

— 

0 40 

— 

— 

. 

0 85 

1-65 

1 80 

1 05 

0-75 

0 9o; 

CO 

8 76 

6-45 

7 10 

7 90 

9 40 

1185! 

l-L • 

7 00 

16 60 

26 60 

32 70 

41 65 

48 65 j 

CH4 . 

25 00 

37 56 

36 20 

34 60 

29 90 

26 10 1 

OJle 

34 10 

27 60 

19 20 

14 30 

9 80 

6 25 

Decrease in weiglit of coal % 

910 

18 79 

28 37 

32 30 

34 04 

36 30 

Weiglrt of tar collected 

4 29 

9 05 

13 66 

14 08 

16 20 

13 50 


temperatures proceeds as indicated in Table XXVII, its composition being modified 
later by the cracking of the heavier hydrocarhons of botli gas and tar to an extent 
which is dependent upon the particular process employed. In practically all low 
temperature systems the carbonising temperature is such that the gas will 
always contain a certain amount of the higher saturated hydrocarbons, 
particularly ethane. 


1 Burgess and Wheeler. Trans , Chem , JSoc , 1910, 97^ 1917-35. 
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V THE EFFECTS OF STEAMING 

Special tests wMct have recently been earned out by the Fuel Research Board, 
and which are described in Technical Paper No. 7, give interesting results of the 
analyses of the average gases produced from the carbonisation of coal at low 
temperatures in Glover-West vertical retorts with varying amounts of steaming. 

TABLE XXIX 

Yields of Gas fkom Low Temperatuee Carbonisation in Glover-West 

Vertical Retort 


Test No 

1 

2 

3 

4 

Steam per cent 

Nil 

7-24 

13 47 

20 00 

Gas made per ton of coal, cu ft. . 

7190 

6700 

7360 

7750 

Gas made per ton of coal, therms 

46 0 

45 0 

48 5 

49 6 

Gas made, calorific value — 

BThU’scu ft— gross . 

640 0 

6710 

6610 

640 0 

nett . 

585-0 

602 0 

594 0 

673 0 

Gas in therms as % of therms in coal 

16 5 

16 0 

17 2 

17 7 

Analysts, 

CO, 

4 9 

56 

5-6 

72 

CnH^ . . . . 

47 

50 

48 

45 

0, . . . ... 

02 

02 

02 

02 

CO . ... 

11 2 

85 

97 

10 0 

H, . ... 

32 2 

35 6 

37 6 

38 0 

^nE2ii“{-2 * 

33 0 

33 4 

33 0 

32 5 

N, . .... 

13 8 

118 

91 

76 

n ” m satd hydrocarbons 

1 09 

100 

0 



Specific gravity (air == 1 ) 

0 572 

0 544 

0-561 

0 563 


The coal used was a mixture of 60 per cent Mitchell Mam (caking) with 40 per cent 
Ellistown Main (non-cakmg), which had been proved to give satisfactory coke 
cakes on carbonisation at 600° C in the horizontal 16101438. The conditions of 
working in the vertical retorts were determmed by a series of preliminary tests which 
indicated the desirability of mamtammg a temperature of about 860° C in the 
combustion chamber near the top of the retort, decreasing to about 700° C. at the 
bottom Cokes applicable to household use were yielded m all cases. The yields 
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in each, test arc set out in Table XXIX, together with the analyses of the average 
gases ^ The steam employed varied from ml to 20 per cent, the gas made ranging 
from 671 B Th U per cubic foot with 7*24 per cent steam to 640 B Th.U. with 
20 per cent steam The corresponding figure for no steam should have been 700 
B.Th U , which was actually obtained for a time, but a leakage of air into the 
retorts through the coke chambers reduced the average figure to 640 B Th.U only, 
as given in the table. 

It will be seen by comparison with Table XXVI th<at the gases obtained from 
these experiments differ from normal low temperature gas m their much lower 
percentage of imsaturated hydrocarbons, the percentage being less than 6 per cent 
as compared with moie than 9 per cent for H.M. Fuel Eesearch Station horizontal 
retorts The hydrogen content, on the other hand, is about doubled, being increased 
from some 17 per cent to an average of nearly 36 per cent The amount of saturated 
hydrocaibons is much decreased — 33 per cent as against 66 per cent — and those 
produced are of a lower nieau molecular weight 

The results indicate that a setting of similar construction, but with iron retorts 
m which heat would be transferred to the coal much more rapidly, would possibly 
be suitable for the manufacture of good smokeless fuels by carbonisation of coal 
at low temperatures, piovided the material to be carbonised can be delivered to 
the retort m such a foim as will preserve an open charge which will not tend to 
fuse together into an immanageablo mass 

The volume of gas obtainable commercially of course vanes accordmg to the 
amoimt of cracking of the primary products which has taken place We have 
already stated that the quality of the gas produced m the experimental sotting of 
hoiizoiital letoits at IT M Fuel Eesearch Station approaches more closely to that 
obtained m the laboratory tlian does that given m any other plant upon which 
mdcpenclent tests have been earned out The amounts yielded ui this setting 
vary from 2700 cubic feet of gas per ton of coal, the gas having a calorific value 
of 1020 B Th U per cubic foot or 27 54 therms of gas per ton, to 4220 cubic feet 
of gas pci ton of coal, the gas having a calorific value of 906 B Th U oi 38 23 therms 
of gas per ton These figuies are typical of the gas obtauiable by carbonisation 
of a wide range of coals at 600° C , and the enhanced figures for the therms of gas 
which are sometimes quoted should be accepted with great caution 

It IS pomted out on page 28 that the rich gas obtained from a low temperature 
process has properties which make it exceptionally attractive as an enriching agent 
for water gas or for some of the comparatively low grade gases produced by certain 
systems of high temiierature carbonisation. 

^ Fuel Bosearch Board No 7 Preliminary Expenments m the Low Tempera- 

ture Carbomsation of Coal m v ii 'IN ” (H M Stationery Office ) 

h 
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MOTOR SPIRIT FROM GAS 

In all nch low temperature gas a certain quantity of tlie hydrocarbons is 
condensable by oil stripping at atmospheric temperatures, and after refining the 
resulting liquid is suitable for the production of motor spirit The yields claimed 
by different systems are widely variant, but those given by the Fuel Research Board 
— 1 43 gallons per ton of coal carbonised — may be quoted as an example which 
16 backed up by experimental data The question of the production of tins liquid, 
however, and its characteristics, are described more fully in a later chapter. 



CHAPTER XIII 


THE PRODUCTS OF LOW TEMPERATURE CARBONISATION 

TAR 

INTRODUCTORY 

As staled m tlie discussion on low temperature gas, tlie composition of tlie tar 
formed in any large-scale system depends to a certam extent on the conditions of 
that system, and particulaily on the rapidity with which the tar is removed from 
the influence of heat and fiom secondary decomposition m the retort 

Accordingly, the best way to consider the composition of such tar is to examine 
the results obtained on an experimental scale whore the conditions are more 
stringently defined, and where the eilcct of increasing temperature can be more 
carefully observed than in a plant under commercial or semi-commercial con- 
ditions In this case all possible piecaiitions can be taken, by vacuum distillation 
and otherwise, to remove the tar vapour from the retort before secondary 
decomposition has set in 

RESULTS OF INVESTIGATION ON LABORATORY-FORMED TARS 

In 1904. Bornstem^ fractionated eight Westphalian coals in 50° stages up to 
450° C and gave an account of the various tars collected These, he stated, all 
contained paiaffins and the liigher phenols, but neither naphthalene nor anthracene^ 

In 1913 Pictet and Bouvier- examined a French bitummoiis coal by distillation 
in vacuo up to 430° C 

Tlie tlnn tar colhicted amounted to 4 per cent by weight of coal This tar was 
slated to consist cliicily of saturated and imsatuiated hydiocaibons Some 
oxygenated compounds wcie shown to be present, but no phenols 

Cauful examination of the saturated hydrocaibons was later earned out by 
pieliminary fractionation, and certam definite hydrocaibons were identified, such 
eoS liexahydiomcsii.ylene (CqHiq) m the naphthene group, diliydrotrimethylbenzene 
111 the uiuiaturatcd hydrocarbons, together with several paraffins The 
Minilaniy of iho naphthenes to those present in American petroleum is pointed out. 

An interesting experiment was also carried out in which the vacuum tar was 
Clacked to give gas and a secondary tar This secondary tar contained aromatic 
hydrocarbons, naplithalene, etc , as m normal gas tar prepared by high temperature 
distillation 

In 1914, this work was earned out on Biitish coals by Wheeler ^ and others,. 

1 Boriistem Ber cl Ohem GcscU , 1913, 46, 3342-53 

2 and Bouvici Cornpf rend ^ Acad 8ci , 1913, 157, 1436-9, 

‘ Biirgefla and Wiieoler “The Pietillation of Coal m a Vacuum ” Trans, Ghem, Soc ^ i914sr^ 
105, 131-40 
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distillation m vacuo being again resorted to, and the temperature raised m 50^^ 
stages up to 450° C. In this case, however, the time of distillation occupied about 
five weeks, as compared with the five hours of Pictet and Bouvier The yield of 
tar amounted to about 6 5 per cent by weight of coal, and this when fractionated 
gave the followmg results * — 

( 1 ) Unsaturated hydrocarbons of ethylenic character, but richer m carbon 

than amounting to 20-22 per cent of the yield 

( 2 ) Naphthenes and liquid paraffins amounting to about 20 per cent of the 
yield 

( 3 ) Tar acids, chiefly cresols and xylenols, amountmg to about 7 per cent of the 
yield. 

(4) Aromatic compounds which, however, did not contam naphthalene or 
anthracene, amounting to about 3 per cent of the yield 

(5) Solid paraffins of composition about C 26 H 54 and M Pt 52 4 to 54° C m 
small quanitity. 

( 6 ) Pyridme bases — a trace 

( 7 ) Pitch, boiling above 300° C and completely soluble in chloroform, amount- 
mg to about 50 per cent of the yield Sp gr at 15° C.=l 128 

The differences between this tar and that of Pictet and Bouvier seem to liavo 
been due either to the nature of the coal or to the time of distillation These 
differences are chiefly m the absence of solid paraffins and phenols m the latter tar, 
but, as already stated, Bornstem also found these compounds m his distillations 
This IS particularly mterestmg m that Jones and Wheeler,^ m 1915, obtained quite 
different tars by the separate distillation of cellulosic ” and resinic ” const ituenis 
of a coal The ‘‘ cellulosic ” constituent yielded only very little tar, but this 
composed chiefly of phenols On the other hand, the yield of tar from the “ lesuiK? ” 
bodies up to a temperature of 400° C amounted to 40 per cent of the original weight;, 
jand was found to consist of paraffin, olefines and naphthenes, but no jihenols 

In America, the chief workers m this field are Parr and Olin,^ who fiibt aii^acked 
the problem in 1907, through their researches on the manufacture of good smokeless 
duel 

In their first paper they describe the form of retort employed and tlicir method 
oi carbonisation with superheated steam at 450° C , and give details of the yields, 
etc , obtamed 

In a later paper the authors describe the manufacture of a good seim-coke by 
means of a similar process, and give a fuller description of the products obtained 

‘ Jones and Wheeler “ The Composition of Coal ” Trans Ghem Soc , 1915, 107, 1318-24 

2 Parr and Ohn ** The Coking of Coal at Low Temperature ” Bull 60 and 97, Univ of Illmois 
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d00-500° C. Thus they obtained from Illinois bituminous coal a dark brown 
tar of 1 069 sp. gr , which they separated primarily into three fractions as follows . — 




Percentage of Tar 

Sp Gr. 

Light oil to 210° C. 

17 2 

0-966 

Heavy oil to 210-325° C 

. 52-7 

1-032 

Pitch over 326° C. 

30 1 . 

1270 

From this tar the yields obtained by refining and separation 

were as follows :• 




Peicontago of Tar. 


r Phenole, etc. 


57 


AmincB and bases 

, , 

09 

Light 
oil ' 

Fraction 75- 95° C. 


. 0 38 

95-125° C. 


1-33 

125-170° C. 


4 77 


170-200° C 


2 67 


, 200-210° C 


1 32 


Tar acids 


22-2 

Heavy 

Fraction 210-250° C 


2-87 

oil 

250-270° C 


13 66 


over 270° C. 


. 1 63 


The autliors report the prosence of pentane and hexane as well as benzene in 
the fraction 75-95° C and of heptane in the fiaction 95-125° C The two following 
fi actions are stated to consist of benzene, toluene and the xylenes The tar acids 
were found to contain a high proportion of cresols Naphthalene and anthracene 
were absent 

The presence of benzene and toluene in quantity in this tar is remarkable in 
that the carboniBing temperature W’-as not greater than 500° C , but may have been 
due to oveilieatmg of the tar vapours m the retort In this connexion Whitaker 
and CrowelF state fiom their investigation of a Pennsylvanian coal that these 
hydrocarbons are first foimed at 600° C and 400° C lespcctively, and that maximum 
yields are obtained by carbonisation at 800° C. for benzene, 700° C. for toluene 
and 600° C for xylenes. If this be so, true low temperature tar may contain appre- 
ciable quantities of all three products. 

In Germany, the chief workers have been Fischer and Gluud,^ and they have 
directed special attention to the possible yields of light hydrocarbons. The following 

^ Whitaker and Crowell J Ind Bng Ghem , 1917, 9, 261-9 

2 Fischer and Gluud. Ber , 1919, 52, 1063, 1068 , Gm Abli. z. Kermt. d. Ko/Oe, 1918, 3. 46. 
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yields were obtained with three different coals, the distillation range of the liquid 
being such that 95 per cent boiled below 190° C. — 

Yield, percentage 
by weight of coal 
used 

Gas coal (Lohberg Mine) . . 1 23 

Bituminous coal (Osterfeld Mme) . 0 67 

„ „ (Minden Mine) 1 00 

These spirits ’’ on fractionation yielded the following — 

Paraffins, chiefly CsHia s-nd and 

some unsaturated hydrocarbons Density 
about 0 65 at 8 ° C 

Mixture of paraffins, naphthenes and 
some nitrogen and sulphur compounds 
No benzene was found. Density about 
0 72 at 20 ° C 

i Pporaffins, naphthenes and complex 
aromatic hydrocarbons. Density adiout 
0 77 and 0 87 respectively at 20 ° C 

The authors also describe certam properties of the higher fractions obtained 
from tar and discuss the separation of certam solid paraffins langmg from C 24 H 50 
to C 29 H 60 , which amounted to 0 4 per cent of the bituminous coal tar and to 1 5 
per cent of the gas coal tar. It should be noted that agam no naphthalene or 
anthracene was detected 


20-60° C. 

60-100° C. 

100-125° C,1 
125-190° C J ‘ 


NITEOGENOUS AND SULPHUR BODIES 


As stated by Jones and Wheelei/ the percentage of nitrogenous bodies m low 
temperature tars is less than one This has been borne out by tlie work of 
other mvestigatois, as shown by the following list — 


2 Parr and 01 m 

^Pictet, Kaiser and Labouchere 
^Gluud 

^Morgan and Soule 


Per cent 

0 9 Amines 

0 2 Bases 

0*46 Pyridine bases 
0 62 Bases 


^ Jones and Wheeler “ The Composition of Coal ” Journ, Chmi 80c , 1914, 105, 141 
" Parr and 01m “ The Coking of Coal at Low Temperature ” 00, Univ of Illmoia 

^ Pictet, Kaiser and Labouchere Com'pt rend , 1917, 165, 113 
^ Gluud Ges Ahh z Kennt d Kolde^ 1918, 3, 46 

® Morgan and Soule Examination of Low Temperature Coal Tars ” J, Ind Ena Chem , 1923, 
16, 687-91 
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The most complete work on the isolation of these bodies from tar is that of 
Pictct and his co-workers. They found no pyridine, but isolated a number of 
satuiated hydro-derivabives of quinoline and iso-quinoline 

No literature is at present available on the sulphur bodies present, but the 
amount of these is very small. 

CHAEACTEEISTICS OF LOW TBMPEEATUEE TAE OBTAINED FEOM A 

LAEGE-SCALE PLANT 

From what has already been said, it is obvious that the nature of the low 
temperature tar produced on a laige scale will depend to some extent on the 
rapidity with which the vapours are removed from the retorts, and therefore from 
the possibility of secondary decomposition. 

In any tar prepared at low temperatures the following general characteristics 
may, however, be expected * — 

(1) That it will contam hydrocarbons chiefly of the paraffin and olefi.ne senes 
with some naphthenes and from 10-15 per cent of phenols 

(2) That the quantity of benzene and its liomologucs will be small, but will be 
made up for by the presence of light paraAG^ns such as hexane, etc 

(3) That the higher phenols, such as cresol, will be more lepresented than 
phenol itself, and there will also bo present certain polyhydric alcohols 

(4) That the content of free carbon will be less than 2 per cent, aud that of 
pitch will be 35-40 per cent 

(5) That theic will be up to 1 per cent of basic nitrogenous substances including 
pyridine 

If, however, the tar has been subjected to overheating in the state oi vapour 
or to condensation and re-distillation m the retort, it will contain small quantities 
of the substances more particularly identified with high temper atm e tar Thes<3 
aio the aromatic liydrocaibons, najihthalGno, anthracene, etc It will also contain 
an increased amount of pitch and free carbon. 

In many of the present commercial scale systems the tar has boon treated 
entirely as a by-product, and attention directed chiefly to the production of good 
coke. It IS therefore only in certain processes that particulars are available of the 
tars produced, and these arc set out for comparison m Table XXX, 

A more complete examination of the tar produced from several English coals m 
seim-largo scale work at 600° C has been earned out at H.M. Fuel Ecsearch 
Station ^ The tars produced are typical of straight low temperature carbonisation, 

^ Fuel Kesearch Board. Koporb for Years 1920, 1921 , Second Section “ Low Temperature 
Carbonisation ” (H M Stationer 7 Office ) 
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and the yields and nature of the tars, together with the details of refinery and 
distillation of the fractions, are given in Tables XXXI-XXXV 

From these results, only a slight idea can be formed as to whether or not the 
tars produced on a larger scale are identical with those already described m the 
work of different investigators on laboratory-formed tars. So far as the results 
go, the systems in which the products of carbonisation are removed as rapidly as 
possible produce tars which are quite comparable with those quoted from the Fuel 
Research Board report. 


TABLE XXX 


Main Details op Tars from Certain Full-Scale Processes 



H M Fuel 

Tozer 

“ Sensible Heat ” 


ProcefiB 

Research Station 

System 

(Nielsen) System 

Caihocoal 

Sp. Gr. @ 60° F 

Calorific Value, B Th U.’s 

1033 

1060 

1076 

— 

per lb 

16,840 

— 

16,000 


Distillation — 

% Sp Gr 

% Sp Gr 

% Sp Gi. 

% 

0-170° C 

9 1 0 842 

6 0 0 80 

4 75 0 80 

4 7 

170-230° C 

19 4 0 969 

16 5 0 97 

20-0 0 87 

13 7 

230-270° C 

12 8 0 998 

9 0 0 97 

14 5 0 97 

11 6 

270° C -Pitch 

11 8 1 027 

36 0 1 04 

24 0 1 01 

27 0 

Pitch 

46 6 1 197 

32 5 — 

35 0 — 

43 0 

Loss 

03 — 


1 75 — 

35% of 

Tar Acids per cent of Tai 

17 8 

10 22 

20 0 

fraction 

170-300° 

Motor Spirit {crude ) . — 

From gas, galls per ton 

1 68 

26 

— 

\ 2 3 

From tar, „ „ 

1 27 

1 3 

— 

y ^ o 
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TABLE XXXII 

Purification op Fractions prom Distillation op Low Temperature Tars 


Loss on extraction as percentages by volume of original fractions 

Fraction 

Coal 12 3 4 

To 170° 170-230° 230-270° 270-310° 




c 

C 

C 

C. 

Dalton Main 2 , 

Caustic soda 

40 

43 0 

40 5 

26 0 


Sulphuric acid 

70 

30 

55 

60 


Washed oil remaimng 

89 0 

54 0 

54 0 

68 0 


Washed and refined oil 

83 0 

54 0 

515 

66 1 

Mitchell Main 

Caustic soda 

2 5 

43 5 

39 0 

26 5 


Sulphuric acid 

115 

2 6 

5 5 

55 


Washed oil remaining 

86 0 

53 9 

55 5 

68 0 


Washed and refined oil 

76 5 

51 4 

62 2 

61 4 

Ebistown Mam 

Caustic soda 

73 

52 0 

50 1 

36 0 


Sulphuric acid 

97 

40 

54 

GO 


Washed oil remaimng 

83 0 

44 0 

44 5 

58 0 


Washed and refined oil 

70 8 

38 7 

40 3 

514 

60 per cent Mitchell Main 

Caustic soda 

43 

46 0 

44 0 

30 5 

40 per cent Ellistown Mam 

Sulphuric acid 

68 

3 5 

50 

65 


Washed oil remaimng 

88 9 

50 5 

51 0 

63 0 


Washed and refined oil 

76 5 

46 4 

45 6 

57 7 


THE USES OE LOW TEMPERATURE TAR 
{a) Dieectly as Fuel 

Low tempexatiixe tar as made is suitable as a fuel for Diesel engines once it 
lias been dehydrated and freed from suspended solid matter. Its caloriiic value 
ranges from 16,000 to 16,500 B Th U per lb , but owing to its flash pomt being 
below the atmospheric temperature it does not conform to the Admiralty specifi- 
cation of ITS^^E Any attempt to remove the light spirit from the tar to correct 
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TABLE XXXIII 

Low Temperature Tar. Distillation Ranges of Washed Oils from Crude 


Tomperattiies 

Dalton 

Fractions 

Mitchell 

Ellistown 

Mixtuio of 
Mitchell Mam 


Mam 2 

Mam 

Main 

and 

Isi Frachon {to 1 70' 

= C .) 

95 ° 0 

87° 0. 

92° 0. 

Ellifltown Mam 

90° C 


1st droj) 

1st drop 

1st drop 

1st drop 

100 

05 

1 0 

08 

1 0 

110 

2 0 

34 

2 9 

32 

120 

22 3 

24 9 

12 9 

17 1 

130 

53 6 

65 0 

42 1 

45 1 

140 

79 4 

76-5 

66 6 

70 9 

150 

93 0 

90 2 

84 1 

87 9 

160 

98 6 

90 5 

94 2 

961 

— 

— 

98 9 

98 0 

98 5 



1G]° 0 

106° C 

168° C. 

1 — t 

0 

0 

0 

— 

Flask dry 

Flask dry 

Flask dry 

Flask dry 

- 

— 



— 

— 

Specific grdvity 
at 15^0 

0 829 

0 823 

0 831 

0 825 

2 nd Fmchon (17 0-230'= G ) 

170 1st drop 

2 4 

1 st drop 

1 0 

180 

1 0 

90 

2 0 

4 8 

190 

10 9 

28 5 

119 

23 2 

200 

30 6 

45 6 

23 4 

42 3 

210 

42 6 

69 2 

42 9 

51 1 

220 

52 6 

69 8 

54 9 

64 9 

230 

01 5 

77 7 

65 5 

73 8 

270 

83 0 

93 9 

88 1 

92 0 

300 

90 0 

— 

— 

— 

Specific gravity 
at 15° C 


0 893 

0-898 

0 894 


{Conhmied on next page .) 
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Table XXXIII {conhnued) 


Tempeiatures 

Dalton 

Mitchell 

Elliatown 

Mixtuie of 
Mitchell Mam 


Mam 2. 

Mam. 

Mam 

and 

3rd Fraction (23 0-270° 0 ) 

220 2 9 

10 8 

69 

Elhstown Main. 

40 

230 

10 3 

23 9 

13 5 

12 5 

240 

22 6 

41 3 

26 6 

27 6 

250 

412 

56 0 

41 7 

43 0 

260 

65 0 

68 9 

65 7 

51 7 

270 

67-8 

78 0 

66 3 

67 8 

280 

76 5 

84 6 

75 4 

76 8 

290 

816 

89 0 

818 

81 7 

300 

86 4 

92 0 

86 3 

85 8 

310 

— 

94 1 

90 6 

89 3 

Specific gravity 

at 16° C 

— 

0 954 

0 955 

0 953 

m Fraction (27 0-310° 0) 

230 — 


30 


240 

— 

28 

— 

— 

250 

23 

79 

60 

28 

260 

53 

15 6 

80 

70 

270 

15 2 

26 9 

12 9 

15 2 

280 

28 4 

42 0 

21 6 

28 4 

290 

42 6 

55 4 

32 5 

40 4 

300 

56 2 

66 1 

44 4 

53 0 

360 

93 6 

92 2 

88 5 

91 5 

Specific gravity 

at 15° 0. 

— 

0 992 

0 991 

0 995 
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TABLE XXXIV 

Low Tempebatuee Tab. Distillation Ranges of Sepaeate Tab Acids 

(Pbbcbntage by Volume) 


60 per cent 
Mitchell 


Diatillation 

tottipciaturcs 

Dalton 
Mam 2 

Mitoholl 

Mam 

Ellistown 

Ham. 

Main 

40 per cent 
Elhstown 
Mam 

From crude fraction 170-230° C 
0-191° C 

69 

14 1 

87 

35 

0-19G 

16 8 

34-7 

14 4 

59 

0-198 

29 5 

47 0 

23 4 

13 2 

0-200 

43 7 

66 8 

37 2 

25 7 

0-202 

62 2 

64 0 

47 2 

36 0 

0-204 

61 1 

70 0 

56 6 

50 3 

0-210 

— , 

82 5 

73 7 

71 9 

0-220 

— 

90 4 

87 3 

86 2 

From Cl ude fraction 230-270° C. 
0-210° C 


34 2 

84 

15 6 

0-220 

_ 

62 3 

43 8 

60 9 

0-230 

— 

78 2 

63 7 

69 6 

0-240 

— 

83 2 

73 8 

79 4 

0-250 

— 

87 7 

79 4 

84 5 

0-200 

__ 

89 5 

83 7 

87 6 

0-270 

— 

91 6 

86 6 

89 4 

From crude fraction 270-310° 6' 
0-230° 0 


1 

6 1 

4 7 

36 

0-270 

— 

36 6 

26 6 

35 3 

0-310 

— 

62 6 

63 6 

68 0 


Special Fractionation 

OF Tab Acids feom Dalton Main 

Coal 2 



Fraction. 



To 204'’ 0 

204-230° C. 

230-310° 0 

Percentage by volume of tar 

5 43 

6 94 

4 97 

Gallons per ton of dry coal 

0 71 

0 77 

0 64 
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tHs would result m so mucli tMckeuing that the residue would fail to pass the 
tests for viscosity. 

The adaptability of the crude oil for mixture with natural oils has been inves- 
tigated at H,M. Fuel Eesearch Station, and it has been there found that out of seven 
oils chosen, two (American and shale oils) were quite immiscible, while with 
Burmese, Texas and Mexican oils the only stable mixtures were those containing 
less than 25 per cent of crude oil. With Persian oil up to 10 per cent of tar can be 
added, but separation occurs m all other mixtures With only one oil — ^Tiinidad — 
was complete miscibility found, and even in this case the application of heat was 
necessary Details of these miscibility tests are given in Table XXXVI. ^ 


TABLE XXXV 

Washed and Eefined Oils fbom Tar Calculated to Gallons per Ton of 

Dry Coal 



Dalton 

Mitchell 

Ellistown 

00 poi cent 
Miic hell 
Main 

Coal carbonised 

Mam 2. 

Mam 

Mam 

40 pci cent 

Original yield of tar 

14 00 

16 25 

12 87 

Ellistown 

Mam 

15 51 

F) action 0-170° G 

Original fraction 

1 56 

2 13 

1 22 

1 68 

Washed spirit 

1 39 

1 83 

1 01 

1 49 

Washed and refined spirit 

1-30 

1 63 

0 86 

J 29 

Fraction 170-230° C 

Original fraction 

2 90 

2 83 

2 53 

2 78 

Washed oil 

1-57 

1 53 

1 11 

] 40 

Washed and refined oil 

167 

1 46 

0 98 

1 29 

Fraction 230-270° G, 

Original fraction 

1 85 

2 36 

1 88 

2 24 

Washed oil 

100 

1 31 

0 84 

1 H 

Washed and refined oil 

0 96 

1 23 

0 76 

102 


1 Fuel Researcli Board Report for Years 1920, 1921 ; Second Section • “Low Tempoiature 
Carbonisation (H M Stationery Office ) 
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(50 poi confc 
Mitcliell 



Dalton 

Mitchell 

Elliatown 

Mam 

Coal caibonised 

Mam 2 

Mam 

Mam 

40 per cent 
EUisiown 
Mam 

Fi action 270-310° G 

Original fraction 

] GG 

2 03 

2 39 

2 39 

Washed oil 

1-13 

1-38 

1 39 

151 

Washed and refined oil 

1-10 

125 

1 23 

1 38 

Total of original fractions 

7 97 

9 35 

8 02 

9 09 

Total washed and lelined oils 

4 93 

5 57 

3 83 

4 98 

Total tar acids crude 

2 49 

2 74 

3 20 

3 07 

Total tar acids refined 

2 12 

2 34 

2 58 

2 61 

Pitch, lb per ton of dry coal 

G7 6 

76 9 

5G 9 

74 9 


Spec J ALLY Separated Oils 

FROM Dalton Main Tar 2 




Pei cent 

Galls pel 


Sp |?r 

by -volume 

ton of dry 


ie°(J 

of tai 

coal 

Liglit naphtha to 160*^ C 

0 829 

8 25 

1 15 

Heavy naphtha, 100-200'^ C 

0 870 

4 59 

0 64 

Burning oils, 200-270° C 

0 93G 

11 93 

1 67 

Gas oil, 270-300° 0. 

0 979 

5 4G 

0 76 

Light lubricating oil, 300-360° 0 

1 005 

610 

0 71 

Total 

— 

35 33 

4 93 
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TABLE XXXVI 

Miscibility op Low Tbmpeeatuee Tae with Natueal Fuel Oils 


Proportions 




Fuel 

mixed 


Separation 



Oil 




Name 

Nature 

Sp gr 
15° C 

Tar 

Oil 

Amt 

Natiiio of 

Shale 

Very fiiud 

0 867 

10 

90 

6 

Semi-solid 



25 

75 

11 

33 33 




60 

80 

14 

Black thick fluid 




70 

30 

5 

33 33 35 

American 

Very flmd 

0 902 

10 

90 

9 

Resinous and gummy 



50 

60 

19 

33 33 33 




65 

35 

18 

Thick and gummy 




75 

25 

4 

Black and flmd 

Burmah . 

Very fluid 

0 895 

10 

90 

8 

Gummy, resinous 




25 

75 

12 

Seim-solid 




50 

50 

18 

Thick, but fliud 




65 

35 

24 

33 33 




75 

24 

— 

No separation 

Texas 

Fluid 

0-926 

10 

90 

11 

Thick and gummy 




25 

75 

12 

33 33 33 




60 

50 

20 

Thick, fluid 




65 

35 

18 

33 33 




75 

25 

— 

No separation 

Mexican 

Very thick 

0 936 

10 

90 

5 

Thick, but fluid 




25 

75 

10 

Fluid 




50 

60 

— 

No separation 




65 

35 

— 

33 53 

Persian 

Thick 

0 942 

10 

90 

— 

No separation 




25 

76 

10 

Thick and flmd 




60 

60 

20 

33 33 




75 

25 

25 

53 33 


Trimdad Very tliick 0 968 10 90 — No separation, when heated 

during nuxing 

jy jj 35 

33 33 3 ) 


60 

75 


60 

25 
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Although the crude oil from low temperature carbouisatioja is not usually 
miscible with natural petroleum, several methods of treatment have been from time 
to time suggested m order to overcome this difl&culty In the Lessmg^ process, 
tar is mixed with a petroleum spirit which causes separation of the pitch, the 
mixture of oils and solvent being then subjected to steam distillation for recovery 
of the latter. 

A sample of low temperature tar obtained from Arley coal was treated 
by Dr. Lessing according to the above process This process consists m 
separating oils and pitch from tar by treatment with petroleum spirit free from 
aromatic hydrocarbons, whereby the pitch is precipitated and all the oils are dis- 
solved. The process is carried out at a temperature above the melting point of 
pitch and below the imtial boihng point of the solvent, and thus a sharp separation 
of pitch and oils is obtained at a temperature of approximately 100° 0 Tar acids 
and bases may be extracted from the oil solution and the solvent subsequently 
distilled off, condensed and re-used without cooling, all operations being carried 
on m a continuous cycle. The tar acids and bases may alternatively be extracted 
after the removal of solvent. 

The following products were obtained : — 

(1) Liquor 

(2) Crude Oil, 1 e oil after separation of pitch and low boihng fractions to 140° 0. 

(3) Neutral Oil, i.e crude oil after removal of tar acids and bases 

(4) Tar Acids 

(5) Tar Bases 

(6) Pitch 

The yields were as follows . — 

f Neutral oil 56-1% 

Crude tar oil 80*7% -I Tar acids 24-4% 

[ Tar bases 0*2% 

Pitch 16-9% 

By ordinary distillation this tai yielded 44-2 per cent by weight of pitch. W-hen 
the oils are distilled from an Engler flask only about 70 per cent can be distilled 
below 360°, leaving 30 per cent pitch This, with the 16*9 per cent removed in the 
Lessing process, corresponds to 43*1 per cent on the original tar 

The crude oil and neutral oil were both found to be miscible in all proportions 
with a typical petroleum fuel oil. The oil solution was “ cut ” so as to minimise 
the loss of the low boiling constituents of the original tar Consequently no attempt 
was made to bring the oil within the Admiralty specification as regards flash-point. 
By fixing a cutting ” point, which will make the oil comply with the specification, 

^ Lessing, R Patent No. 130,362 
M 
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a certain percentage of solvent is furnished by the lower boiling constituents of the 
tar itself 

The viscosity and setting points of both ciude and neutral oils arc well within 
the Admiralty specification. 

It IS as yet too early to form any accurate idea as to whether the cost o£ tieatment 
by this method would be such as to make it commercially piaeti cable, but (‘xperi- 
mental work is going on at H M Fuel Eesearch Station and elsewher(‘, upon the 
lines indicated 

(b) As Fuels aeter Distillation 

It IS not necessary, however, that the tai should be used in tJie crude state. 
By fractionation and refining good fuel and lubiicatmg oils can be obtained, 
as well as a quantity of light spuit which, when added to that obi^unablo by 
scrubbing the gas, gives a mixture whose propel ties are veiy hinnlai to of 

a good quality petrol, and so is very suitable for use as motoi spuii- Tlie hguies 
already shown in Table XXXV and presented in slightly modified fonn m Table 
XXXVII are those obtainable by fractionation and lefiiung of a t<u whu h was 
obtained by the carbonisation of Dalton Mam coal The losses by leliiiiiig dm of 
course considerable, but the products are of good quality 

TABLE XXX Vn 

Separated Products erom Tar erom Dalton Main Coal 


Total tar per ton 14 galls 

Sp gi J5“ (' 

OiiHh pci Iciii 
of \hy Coni 

Light naphtha, to 160*^ C 

0 820 

1 15 

Heavy naphtha, 160-200"^ C 

0 870 

0 (1 1 

Burning oils, 200-270"^ C 

0 93(! 

1 07 

Gas oil, 270-300° C. 

0 979 

0 7() 

Light lubricating oil, 300-360° (- 

1 005 

0 71 

Total 


"^4 93 

Loss m refimng 

— 

3 41 

Tar acids 

— 

2 12 

Total 


10/10 

Pitch 

— 

07 5 lb 


(c) Tar Acids 

The tar acids, amountmg as they do to 16 to 25 per cent of the total tar made, 
may also be found to have a considerable commercial application, as, for example, 
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m the maniifacixire of disinfectants The actual yields of tar acids quoted in the 
literature available on the subject seem to vary rather widely. Some of these 
figures are shown in Table XXXVIII. 


TABLE XXXVIII 

Yields oe Tar Acids from Low Temperature Tar 


Jones and Wheelei (Vacuum Tar) 

Tar Aoida as per cent of Tar. 

(J-7 

Parr and Ohn 

27 9 

S R Church, Illinois 

50 0 

Carbocoal process 

14 7 

Tozei process 

22 0 

“ Sensible Heat (Nielsen) process 

20 0 

Fuel Research Station 

15-26 


In view of the wide variation m the yields, the figures accepted as probably 
representing average values are those of H M Fuel Kescaicli Station The highest 
figure was obtained with a coal of iiigh oxygen content It is possible, therefore, 
to obtain by low temp(^iatuie caibonisaiion a yield of valuable tar acids up to 
3 gallons per ton of dry coal caiboinsed 

The composition of thesi* phenols has not been determined on any tar made 
by a large-scale juocess, but several investigators have indicated the substances 
obtained on an expeiirmmhd scale Jones and Wheeler m vacuum tar found chiefly 
ciesols and xylenols Pictet found no lowiu jihenols in his tar except after it had 
been standing for seveiiil yes, is, when he found phenol and tlie three crcsols 

Fischei and otheis have mdicatiMl the possibility of yiehls up to 50 per cent 
of the tai and liave made a lough aejiaratiun of the compoimds as follows — 


Ciesols 
Xylenols 
Higher Phenols 
Acid Resins 


Pei cent of Tar 

1-2 (chiefly m-cresol) 

1-2 

30-32 (containing trimothylphenols) 
10 


Morgan and Soule give the following composition of phenols found in tar from 
the Carbocoal process , — 


Per cent of Tar. 


X^henol 

06 

Cresols 

4-9 

Xylenols 

2-8 

Higher Phenols . 

61 

Resins 

1-3 


14-7 
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In this case the lower homologues are m much higher proportion, and also all 
three cresols were m evidence m the proportions of 27 per cent ortho, 19 per cent 
meta, and 64 per cent para, or in contradiction to Fischer's tar, with the m-cresol 
in the minority. In the tars examined at the Fuel Research Station no phenol 
was present, about 5 per cent of cresols and 11 per cent of xylenols and higher 
phenols. 

Low temperature tars have been shown to be particularly useful in the manu- 
facture of dismfectants. It may probably be assumed that this is due to the high 
bacterial co-efficients of the higher phenols and the high proportion in which they 
are present. 


YIELDS OF LOW TEMPERATURE TAR 

The yields of tar obtamed m H M Fuel Research Station horizontal setting from 
a variety of coals, vary from 13 7 gallons to about 15 gallons per ton of coal car- 
bomsed, bemg about 60 per cent of that given by similar coals carbonised m the 
laboratory assay apparatus It is of course not impossible that, by modification 
of the plant, yields more nearly approaching the theoretical might be obtained , 
but the figures quoted above illustrate the difficulty which is always experienced 
in large-scale plant m obtammg the maximum tar yields In their estimates of the 
quantity of the products obtamable from low temperature carbonisation if and 
when it IS established on a national scale, the Fuel Research Board adopt 14 5 
gallons per ton of oil as the average quantity which could be relied upon from a 
fairly wide range of coals. 
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THE PRODUCTS OF LOW TEMPERATURE CARBONISATION 

MOTOR SPIRIT 
INTRODUCTORY 

Motor spirit is available from both the gas and tar of low temperature carbonisa- 
tion processes From the latter its recovery is simple, and practically the whole 
of the tar fraction to 170° C can, when rectified, be utilised This fraction, as 
shown in Table XXXV, amounts to about 10 per cent of normal tar production , 
the available yield of fine spirit is therefore of the order of 1 0-1 6 gallons per ton 
of coal carbonised This refined spirit consists chiefly of the higher paraffins with 
some benzene and toluene and open chain unsaturated compounds 

RECOVERY OF MOTOR SPIRIT FROM GAS 

The spirit m the gas can be recovered only by some scrubbing or condensation 
process. An example has already been quoted of the first piocedure m which 
paiaffin oil was used as the scrubbmg or condensmg agent, and the spirit obtamed 
by rectification ^ In this expeimiental work tlie yield of light spirit represented 
0 67-1 23 per cent of the coal caiboniscd, or from 2 0-3 8 gallons per ton of coal 
In composition tlie spint proved to be a mixture of saturated and unsaturated 
hydrocarbons, naplithenes, and complex aromatic hydrocarbons Benzene was 
not present in any of the spirits exammed, although its presence in small quantities 
in the products of low temperature distillation is noted by Wheeler, Parr, 01m 
and o tilers 

In the Report of the Fuel Research Board for 1920, 1921, ^ an account is given 
of the recovery of spirit by means of scrubbing with gas oil the low temperature 
gas made from Dalton Mam coal The work was carried out on a small scale, and 
gave a yield of refined spirit of 1 40 gallons per ton of coal at a specific gravity of 
0 731 at 15° C, This work has since beelr repeated upon a larger scale, and a similar 
return obtamed. The details of the Bmall-scale test are shown m Table XXXIX ^ 
together with the distillation range of the refined spirit 

Other methods for the recovery of this light spirit from gas liave been suggested, 
and in particular activated charcoal has been used by several workers as a con- 
densing medium. A Engelhardt^ has described its use for the recovery of benzol 
from illuminating gas in a process whereby the gas is passed through activated 

1 Rischei and Gluud “Meme Forschungaorgobnisso auf dom Gobiet der Kohlenoxtraktion.’*' 
Qluckauf, 52, 721-9 

* Fuel Research Board. Report for Years 1920, 1921 ; Second Section “ Low Temperature 
Caibonisation (H M Stationery Office ) 

^ A Engelhardt Benzene Recovery by means of Active Carbon.” /owmi/, 169,421 , Oas- 
w. Wasacrjachi 1922, 65, 473. 
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charcoal, the condensed vapours being liberated after a suitable period by the 
action of superheated steam. After drying, the charcoal is used again A graph 
IS there given showing the sorptive power of charcoal for benzene, alcohol, etc The 


TABLE XXXIX 

ScRUBBiNa Tests on Low Tempebattjre Coal Gas pbom 
‘ Dalton Main Coal 2 


Gas yield — 3200 cu ft per 

ton of dry coal 



Teat 1 

Tost 2 

Duration of test, hours 

81 

50 

Gas — 

Total amount scrubbed cu ft 

49 7 

60 0 

Rate in cu ft per hour 

612 

12 0 

Wash Oil — 

Rate m ccs. per hour 

1394 

1608 

Cc per cu. ft of gas 

229 

134 

Pinal concentration of spirit, per cent 

104 

1 60 

Y%eldofSp%nt — 

Total yield in cc of crude spirit 

118-6 

130 8 

„ ,, galls, per ton of coal 

1 68 

154 

Refined spirit m cc 

102 0 

118 0 

,, ,, 5 , galls per ton 

145 

1 39 

„ „ Sp gr 15° C 

0 731 

0 731 

Bngler disUllaUon of Refined Spmt — 

40° C 

First drop 


To 60“ 0 

8 8% 


„ 70“ C 

23 3% 


„ 80“ C 

42 0% 


„ 90“ 0 

66 7% 


„ 100“ C 

68 0% 


„ 110“ C 

77-8% 


„ 120“ C 

85-0% 


„ 130° C 

91 0% 


„ 140“ C 

94 3% 


Mask dry at 145“ C 

96 0% 
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concentration of solvent vapour in normal low temperature coal gas is of the 
order of 60-80 grammes per cubic metre, and it may be seen from the graph that 
fairly high sorptive powers may be obtained for benzene at this concentration. 
Wliether the hydrocarbons present m low temperature gas are as readily condensable 
yet remains to be determined Should they prove to be so, the method would appear 
to be distinctly promismg. 

QUALITIES OF THE SPIRIT AS A FUEL FOR INTERNAL 
COMBUSTION ENGINES 

No adequate work has yet been undertaken on the applicability of low tem- 
perature spirit to the purposes of internal combustion engines Preliminaiy 
tests, however, which have been carried out at H M. Fuel Research Station, indicate 
that it is likely to prove entirely suitable 

When the distillation ranges of the refined spiiits are examined it is seen that 
the spirit collected from the gas is extremely light So much is this the case that, 
when mixed with the heavier tar spirit, a mixture is produced whicli is similar 
ill its mam projierties to the petrol at present maiketcd The presence of an 
appreciable light fraction is, moieovci, a decided advantage fiom the point of view 
of tlie starting of a cold engine Table XL gives the lesulfcs of a few expiniments 
winch indicate that the explosive range of the spiiit is greater than that of petiol 
or benzol 


TABLE XL 

Explosive Ranoe oe some Motor Spirits 


Explosive K<ango 

Spinfc cc Spirit per cu ft of An 

at 16 “ C 

Benzol, Sp Gr 0 881 2 7 to G'7 

Petrol B P No 1, Sp Gr 0 723 2 5 to 7 3 

Spirit from Gas . 2-3 to 9 5 

Mixture 50/50 2 5 to 10 5 


As regards miscibility with other motor fuels, the following conclusions have 
been formed : — 

(1) That the spirit is miscible in all proportions with petrol and the benzol of 
the British Standard specification. 
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(2) Ttat with, alcohol the miscibility depends on the strength ol the alcohol. 
The solubility of the spirit at —10° C in alcohol is as follows . — 


Alcohol 96% by vol. 
„ 90% by vol. 

„ 85% by vol. 


Spirit from Gas 

74-2 

16-3 

71 


Spirit from Tar 


(3) That with benzol and 95 per cent alcohol mixed in equal proportions the 
miscibility of the spirit at — 10°C, was 60 per cent, or the mixture con- 
tamed , — 

Spirit . 60 

Alcohol 95% 20 

Benzol 90% • 20 

(4) That the slight tendency which even refined spirit has to darken on standing 
owing probably to resinification taking place, is prevented by the alcohol , 
or, in other words, the resins formed are not deposited, but retained m 
solution by the alcohol. 

It would appear, therefore, that, so far as experimental work has yet indicated, 
the spirit from low temperature carbonisation is suitable for use in internal com- 
bustion engines, either alone or in admixture with alcohol, benzol, or petrol 

The total yield of motor spirit from gas and tar under favourable conditions 
will amount to about 3 to 4 gallons per ton of coal carbonised. 



CHAPTER XV 


NITROGENOUS PRODUCTS FROM COAL 
INTRODUCTORY 

The ammonia obtained in most processes of low temperature carbonisation 
does not form an asset of any importance in the balance sheet ; indeed at present 
prices it would in many cases hardly pay for its recovery. In a limited number 
of processes, however, the conditions are such as to render it possible to obtain 
yields approaching those of coke ovens or gas works, but even then it will often be 
found that disadvantages have presented themselves which more than offset the 
mcrease m value in the ammonia yield. 

In order to study the subject of ammonia production by low temperature 
carbonisation, it is necessary to discuss the matter from a fairly wide point of view 
in order to see clearly the reasons which lie behind the low recovery of nitiogen 
in the subject under consideration The present chapter will therefore be devoted 
to a short discussion of ammonia recovery m the various processes of gas and coke 
manufacture m addition to that of low temperature carbonisation 

THEORETICAL AMOUNT OF AMMONIUM SULPHATE FROM COAL 

The usual nitrogen content of bitummous coals vanes from about 1 3 per cent 
to 1 G per cent, or from 29 lb to 36 lb per ton of coal Were it possible to convert 
the whole of this into ammonia, the production would he between 35 lb and 44 lb 
of ammonia, corresponding to ammonium sulphate yields of 137 lb. and 170 lb 
per ton of coal 

YIELD OF AMMONIUM SULPHATE IN THE CARBONISATION 

INDUSTRIES 

In the ordinary carbonisation industries, the production of ammonia, which 
IB shown m Table XLI from the Final Report of the Nitrogen Products Committee, 
1920, falls far below that theoretically possible from the nitrogen in the coal, and 

TABLE XLI 


Production of Ammonium Sulphate prom Goal 
(Nitrogen Products Committee) 

Ammonium Sulphate 

Industry. 

Year. 

(lb per ton of Coal), 

Gas Works 

. 1911-13 

22 7-23-0 

5J J? . . 

1917 

22-1 

Coke Ovens (All types) 

1917 

18-0 

„ „ (Recovery) 

1917 

24 0 

Gas Producers 

1911-13 

84-8 

9i )i 

. 1917 

66 3 


185 



LOW TEMPERATURE CARBONISATION 


1 86 

for the nsixal gas worlcs and coke oven practice amounts to little more than 20 lb, 
per ton of coal. For gas producers, the yield is greatly mcreased, and m the Mond 
producer, where 2 to 2|- tons of steam are mtroduced per ton of coal carbonised, 
the production of ammonium sulphate reaches 90 lb., or some CO per cent of the 
theoretical yield. The reasons for these wide divergences will be discussed later. 


PRODUCTION OP AMMONIA IN THE THERMAL DECOMPOSITION 

OF COAL 

The amounts of ammonia which are evolved when a coal is carbonised vary 
with the temperature attamed. Anderson and Roberts^ m 1898 showed that when 
coal IS heated out of contact with air the temperature at which the evolution of 
ammonia begins depends upon the '^age ’’ of the coal in question, and varies from 
333° C. for young ” coals to as much as 480° C. for anthracites In 1908 this result 
was confirmed by Christie,^ who showed that, while the evolution of ammonia 
begins at about 350° C. in the case of gas coals, it is delayed until about 450° C for 
anthracites He stated that the mam evolution is found between 600° C and 
700° C , and that beyond this upper temperature little further evolution occurs 
Later, Simmersbach^ gave figures showmg the relative amounts of mtxogen occur- 
rmg in coke, gas, ammonia, tar and cyanogen at different carbonisation tempera- 
tures His figures, which are given in Table XLII, show that ammonia production 
IS a maximum at 900° C , but that even at 1200° C more than 25 per cent of the 
original nitrogen is retained m the coke. 

TABLE XLII 

Amounts of Niteog-en in the Peoducts of Coal Carbonisation 

(Sunmersbach) 


Temperature of 


Percentage of Nitrogen 

m 


Carbonisation 






°G 

Ammonia 

Gas 

Tar 

Cyanogen 

Coke. 

600 

7 81 

18-13 

212 

0 25 

71 69 

700 

1813 

12-13 

3 66 

0 66 

65 43 

800 

21 28 

10-73 

3 47 

0 87 

63-05 

900 

24-12 

12-14 

415 

1-19 

68 40 

1000 

23 15 

21 63 

411 

1 23 

49 98 

1100 . 

23 09 

30-51 

3 70 

1 31 

41-39 

1200 

22 84 

45 10 

4 21 

142 

26 43 


^ Anderson and Roberts “ The Recovery of Nitrogen m Coal Distillation ” Journ Soc Gliem. 
Ind , 18, 1099 ^ Christie Inaug Visa , Aachen, 1908. 

^ Simmersbach “ Untersuchungen ober die Bildung von Ammoniack und Zyanwasserstoff bei 
der Stemkohlen Distillation ” jSiahl und Visen, 1914, 34, 1153, 1209. 
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Several workers have since given attention to this important subject, and 
.ttention may be drawn in particular to the results ol Burgess and Wheeler,^ 
7 hich are given in Table XLIII These investigators distilled 2 grammes of coal 
.t temperatures ranging from 350° C, to 900° 0. m steps of 100 degrees, and the 
apid removal of the products evolved m each stage was provided for With a 
Silkatone coal the evolution of ammonia continued up to 900° C In a repetition 
i the experiment, this time m a vacuum, the evolution of ammonia began below 
50° C and continued to 600° C , above which temperature no further ammonia 
ras expelled 

The amounts of ammonia evolved m these experiments again represent only 
small fraction of the total nitrogen of the coal heated It must, however, be 
orne in mind that ammonia is a gas which, under the influence of heat, readily 
issociates into its constituent elements The actual ammonia yields do not 
herefore necessarily express the amounts formed, but only that which has survived, 
artial dissociation midoubtedly adversely affecting the yield 


TABLE XLIII 

Ammonia Gas Evolved at Different Temperatures 
(Burgess and Wheeler) 


emperatuie ° C 

otal Gas evolved iii cc 

‘S p(‘l 

450 

500 

600 

700 

800 

900 

giamme of coal 

12 0 

29 9 

99 0 

124 0 

218 0 

268 0 

eicentage of NH 3 


47 

1 35 

] iO 

1 GO 

1 00 

1 00 


DISSOCIATION OE AMMONIA 

Eamsay and Young^ have shown that the decomposition of ammonia gas by 
3 at starts at 500° 0 , and under favourable conditions, which depend largely 
pon the area and nature of the siufacee to which the gas is exposed, is practically 
)mplcto at 800° C This temperature is, however, that at winch in gas-makmg 
-‘acticc the highest yield of ammonia is produced, as is well illustrated in Table 
LIV given by Lewes ^ and as would be anticipated from the work of Christie, 
'mmersbach and Burgess and Wheeler. 

Later work has shown that the explanation of this apparent contradiction is 
> be found m the retardmg action of certain of the constituents of the gaseous 
•oducts of caibonisation upon the normal rate of dissociation of the ammonia 

LS 

Burgess and Wheeler. “ The Volatile Constituents of Coal ” Trans Chem 8oc , 1910, 97, 1917. 

2 Eamsay and Young. ^‘The Decomposition of Ammonia by Heat.” Trans. Chem. Boc,^ 1884, 88. 

3 Lewes, Vivian Carbonisation of Goal (Bonn Bros ) 
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Recently, Mott and Hodeman^ have made a study of the decomposition at 
different temperatures of mixtures of 1 per cent to 2 per cent of ammonia with 
vanous other gases, for example coal gas, hydrogen and nitrogen, the experiments 
bemg carried out in the presence of a firebrick “ chattered ” by the attack of salt 
vapours m a coke oven 


TABLE XLIV 


Ammonium Sulphate at Difpeeent Temperatures (Lewes) 


Temperature 

°G. 

400-600 

600-600 

600-700 

700-800 

800-900 

900-1000 

1000-1100 


Anuaonium Sulphate, 
lb. per ton of Coal. 
12 
15 
17 
20 
26 
24 
20 


In nitrogen the decomposition of ammonia was found to be perceptible at 
500° C , and was complete at 600° C In hydrogen, however, the dissociation was 
jhecked, the same speed of decomposition being reached at temperatures about 
[50° higher than in nitrogen. For example, at 660° 0 , when the ammonia 
vas almost completely decomposed m the atmosphere of nitrogen, decomposition 
n hydrogen was only ]ust measurable. 

In a mixture of 1-2 per cent of ammonia with coal gas, 3 per cent of water 
rapour was found to reduce the dissociation at 700° C. from 17 per cent to 2 per 
:ent, and at 800° C from about 90 per cent to about 30 per cent At 850° C. 
lissociation was completely arrested when about 25 per cent of water vapour was 
)re6ent in the mixture It was therefore concluded that water vapour exerts a 
trong preservative action on the ammonia diluted with coal gas. 

It has been suggested that as the dissociation of ammonia is closely related to 
he prevailing temperature, the presence of oxygen may mcrease ammonia losses 
ly causing local rise of temperature In Mott and Hodsman’s experiments,, 
owever, small proportions of oxygen were found to retard dissociation The 
xplanation of this fact was ascribed to the probable preferential union of the 
xygen with hydrogen to form water vapour, the latter havmg been proved to 
sercise a strong inhibitory effect upon decomposition of ammonia. 

‘ Mott and Hodsman, “Factors mfluencmg the yield of Ammonia m the Carbonisation of 
3al.” Gas Journ , Aug, 15 and 22, Sept. 12, 1923. 
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AMMONIA PEODUCTION IN AN ATMOSPHERE OF HYDROGEN 

Tervet^ in 1883 passed a current of hydrogen over coke heated to redness in 
an iron tube, and found that large volumes of ammonia were emitted, the aggregate 
ammonia yield from the coal being increased by about 100 per cent. From a 
hard, high temperature coke, however, heatmg m hydrogen did not produce 
ammonia. Tervet’s results were confirmed and extended by Beilby^ in 1884. 

Further work was described in 1908 by Christie,^ who found that a current 
of hydrogen had practically no effect upon the distillation of coal at 480° C , and 
that further, when a gramme of Shamrock coke was heated at 670° 0. m a stream 
of gas contammg 55 per cent of hydrogen, there was no dimmution m the nitrogen 
content of the coke brought about. He concluded, therefore, that the action of 
the hydrogen was not to cause an mcreased emission of nitrogen from the coke, 
but only to dimmish the dissociation of the ammonia formed 

Cobb"* has determined the action of hydrogen upon soft, medium and hard 
cokes (made respectively at 500° C , 800° 0. and 1100° C) heated successively 
at 600° C , 800° C. and 1000° C 

During the cokmg process to 500° 0,216 per cent of the nitrogen of the coal 
had been expelled m various forms, 78 4 per cent remaining in the soft coke 
Fuither heatmg m hydrogen reduced the nitrogen content m the coke to 28 2 per 
sent of its original value (22 1 per cent of that m the origmal coal) , but of the 718 
per cent loss which this represents, only 34 2 per cent (or 26 8 per cent calculated 
3n the nitrogen content of the coal) appeared as ammonia, the remammg 37-6 per 
lent (29 5 per cent calculated on the coal) having been lost chiefly as free nitrogen 
The effect of the heating was practically complete at the 800° C stage, there bemg 
iittle further loss of nitrogen or recovery of ammonia in the stage of heatmg at 

1000° a 

Similar treatment of the medium coke, which retamed 49 7 per cent of the 
iitrogen of the original coal, resulted m a loss of 41 0 per cent of its nitrogen 
20 6 per cent calculated on the nitrogen content of the origmal coal), of which, 
lowover, only 3 9 per cent appeared as ammonia. Further experiments showed 
hat the evolution of ammonia was not yet completed, and that prolonged heatmg 
v’ould have resulted m more coming off. 

With the hard coke, produced at 1100° C., there was no diminution of nitrogen 
ontent on heatmg in the hydrogen atmosphere, and no ammonia was evolved 

^ Tervot. On the Production of Ammonia from Coke, resulting from the Destructive Distillation 
f Coal ” Journ Soc Chem Ind , 1883, 3, 446 

- Beilby, Sir G “ On the production of Ammonia from the Nitrogen of Minerals,’* Journ* Soc 
'hern Ind , 1884, 3, 210, 

^ Christie. Inaiig. Disa , Aachen, 1908 

* Monkhouse, I,, and Cobb, J. “The Liberation of Nitrogen from Coal and Coke as Ammonia ” 
-eport of Gas Research Pellowship, 1921 , Trans, Inst, Oas £Jng,, 1920, 1921, p. 643. 
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Briefly, then, tlie action of tlie hydrogen on the soft coke effected a considerable 
attack on the nitrogen present in the coke, and there were formed increased 
quantities of ammonia, recoverable because formed under suitable conditions* 
With the medium coke the eflect of the hydrogen was less marked and the amount 
of ammonia recoverable was smaller, whilst the hydrogen did not attack the hard 
coke at all The rate of recovery of ammonia was always more rapid at 800^ 0* 
than at 600° C. 

In an extension of this work 94*3 lb. of sulphate of ammonia per ton of coal 
was obtained by heatmg a soft coke slowly m hydrogen m stages to 1 000° C. 
Between 800° C. and 900° C the coke lost 117 per cent of its original nitrogen, of 
which 6 5 per cent appeared as ammonia , while from 900° C to 1000° 0 only 
3*1 per cent of the 94 per cent of nitrogen lost from the coke was obtained 
as ammonia. Even above 1000° C some ammonia was formed and escaped 
decomposition. 

It was therefore concluded that the presence of hydiogen m the prelmrmary 
carbomsmg period 600-800° C “ m addition to any preservative action m 
retardmg the dissociation of ammonia once formed, has a specific action in that 
it IS capable of liberating a portion of the ammonia which would otherwise be a 
stable constituent of the coke ” 

At 1000° 0. the nitrogen in the coke had been reduced to 11 2 per cent of its 
origmal value, and was still decreasmg, but the rate of emission had become very 
slow, and was chiefly in the form of free nitrogen. 

AMMONIA PRODUCTION IN AN ATMOSPHERE OP STEAM 

In his presidential address on ammonia supplies to the Society of Chemical 
Industry m 1889 Mond remarked that it had been the custom in his laboratory 
to estimate nitrogen m coke by burnmg the coke m a current of steam, which 
converted the whole of the nitrogen present mto ammonia The effect of steammg 
in mcreasmg the ammonia yield m carbonisation processes is well known. 

FoUowmg upon their earlier work, Monkhouse and Cobb^ set themselves to 
determine what amounts of additional ammonia it is possible to obtain from a 
coke after the first period of heating to 600° C. is passed, by further heating (1) in 
an mert gas such as nitrogen, and (2) m such a “ potentially reactive ” gas as 
hydrogen or steam, which might be capable of attacking nitrogen compounds wnth 
formation of ammonia. 

By heating to 800° C. m the mtrogen atmosphere, ammonia to the extent of 
about 10 per cent of the nitrogen of the coke was evolved, but the total loss of 

^ Monkhouse and Cobb “ The Liberation of Nitrogen and Sulphur from Coal and Coke.” Report 
of Gas Research Fellowship, 1922 ; Trans. Inst Gas JEng , 1921, 1922, p 137. 



NITROGENOUS PRODUCTS FROM COAL 191 

nitrogen from the coke was about three times this amount, the rest bemg accounted 
for as free nitrogen. A stream of hydrogen was then substituted for the nitrogen 
and further ammonia immediately resulted, ultimately equivalent to a further 
31 per cent of the nitrogen of the coke. The remainmg coke was then subjected 
to steam, and additional ammonia to the extent of 39 per cent was recovered. 
Determinations of the nitrogen content of the residual coke after each stage showed 
that the ammonia production in the last two stages agreed with the nitrogen losses 
from the coke It was found that, by submitting the coke to a steam current only, 
the same final yield of ammonia was obtained. Wlien carbonisation was carried 
out m steam throughout it was possible, within the errors of experiment, to obtam 
the whole of the nitrogen of a coal as ammonia, which was liberated much more 
rapidly than in hydiogen. 

When a hard, liigh temperature coke was heated m steam, the nitrogenous 
constituents of the coke were attacked, but the liberation of ammonia was far 
slower than m the case of soft coke , there was, however, a steady evolution of 
this gas. Free nitrogen was also shown m the balance sheet, suggesting decom- 
position of some of the ammonia formed 

NATURE OF THE NITROGENOUS CONSTITUENTS OF COAL 

It may be mfened fiom the lesulis oblaincd by Sirameisbach, Cobb and 
Monkhonse and otlieis, that tlie nitrogen m coal is probably picsent m more than 
one foim One of the nitiogenous constiLucnts apparently gives ammonia on 
simple distillation, while the other (or otiiois) is more stable, but is attacked by 
hydiogen oi steam witli foirnatioii of ammonia 

Christie suggested that coal coiilains “ imino ” nitiogenous compounds wlucli 
decompose below 900° C yielding ammonia, and V(‘iy stable “ mtnde ” forms, 
which remain m the coke alter ordinary caibonisaiion, but whicli aio gradually 
expelled as free nitrogen when the tempoiaturc is raised from 900° C. to 1900° C. 

Cobb suggests that there is indication of ammo ’’ groups, which give ammonia 
by simple distillation, and more stable compounds which are possibly complex 
ring formations with nitiogen existing in the ring 

PRODUCTION OF AMMONIA IN GAS WORKS PRACTICE 

In normal gas-making the primary formation of ammonia occurs by the 
decomposition by heat of niLrogenous organic substances in the coal, followed by 
its secondary formation at higher temperatures produced by the action of the 
hydrogen in the coal gas npon the soft coke at a red heat. This ammonia, as the 
temperature rises, would undergo more and more dissociation, and would con- 
sequently be evolved in ever-decreasmg quantities, until at about 800° 0, the 
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production would be nil, were it not for the checking action of the hydrogen present 
upon the dissociation process, which, as has been shown, exercises a marked influence 
upon the ammonia yield. 

The explanation of the effect of steaming in vertical retorts on the ammonia 
production becomes clear from the previous considerations. The advantages of 
steammg for high temperature carbonisation are unquestionable. It is now clearly 
established that increased therms m the form of gas and increased quantities of 
tar and ammoniacal liquor are to be obtamed by this method, although the quantity 
of coke IS reduced. In regard to the production of ammonium sulphate, full-scale 
experimental work at H.M Fuel Research Station^ produced the results given in 
Table XLV. 


TABLE XLV 

Effect of Steaming on Production of Ammonium Sulphate 



Percentage of 

Ammonium Sulphate 

Coal 

Steam 

(Ib per ton of coal ) 

Consett 

Nil 

14 65 


5 24 

17 30 


20 95 

20 00 

Mitchell Mam Gas Nuts 

Nil. 

16 27 


5 06 

18 75 


12 44 

21-8 


20 53 

21 2 


30 03 

21 95 

Mam and Ell, Lanarkshire 

Nil 

32 6 


22 06 

43 9 


Salnaang^ has stated that the ratio of carbon to nitrogen m coke remains constant 
whilst gasification m steam is taking place. If this observation is substantiated, 
only limited steammg could be used for increasmg ammonia production m such 
processes as are designed to yield coke as a principal product. Cobb has suggested 
that at each temperature stage in steam there is probably a double reaction 
taking place ‘ (1) a decomposition of ammonia yieldmg compounds in the coke 
such as accompanies a rise of temperature even m an inert atmosphere of nitrogen , 
and (2) a reaction also liberating ammonia, but accompanied by and probably 
conditioned by the gasification of the carbon of the coke. 

^ Fuel Research Board Report for Years 1920, 1921 First Section “ Steaming in Vertical 
Gas Retorts ” (HM Stationery Office ) 

2 Salmang “ Dissertation der Teohnischen Hoehschole Aachen,” 1914 See, Markgraf “Ammonia 
Formation m the Gasification of Coke and Goal by Steam and Air ” Journ Soc, Ghem Ind , 1916, 35, 
366 , Stahl und Eisen, 1915, 35, 905, 
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YIELD OF AMMONIA IN LOW TEMPERATURE CARBONISATION 

In view of the widely divergent, and m some cases extravagant, claims of some 
inventors for the yield of ammonium sulphate by their respective processes, it has 
been considered desirable to discuss at some length the latesi; researches m the 
nitrogenous products from coal It is evident from what has been said, that in 
carbonisation processes so eJfectod that no part of the coal is heated to temperatures 
higher than 600*^ C., the yield of ammonium sulphate from bifcummous coal will 
be of the order of 15 lb per ton, though oven in this case, if the products are 
subjected unnecessarily to the full temperature of the retorts for any considerable 
time, a proportion of the ammonia will be decomposed in accordance with the 
results of the investigations of Ramsay and Young and Mott and Hodsman. At 
such comparatively low temperatures, however, such losses are not usually very 
considerable, the greater part of the nitrogen of the coal still being retained in the 
coke. 

In processes where carbonisation is carried out in stages, it is possible, without 
alteiing the nature of the products first driven off, to secure increased aggregate 
yields of ammonia by the subsequent attack of the hydrogen in the coal gas liberated 
upon the nitrogen in the hot coke, and its further action in retarding dissociation 
For example, in the Pure Coal Briquette ” and the ‘‘ Sensible Heat ” (Nielsen) 
systems, where the lempeiatuic is giaded in sucli a way that the coke first formed 
passes through successively increasing zones of temperature, the amount of nitrogen 
liberated as ammonia is continually augmented as the temperature rises The fact 
that the gases escape via the cooler end of tlie ictoits tends to piescrve this 
additional quantity of ammonia 

A readily available way of determining the possible yield of ammonia fiom coal 
is provided by the assay method already mentioned The yields of ammonia 
from various coals as given by this method have been correlated with those obtained 
from the same coals m horizontal retorts at H.M Fuel Research Station, and 
have been found to be substantially the samo.^ 

In some of the pi oposed manufacturing processes the yields quoted are extremely 
high when the above considerations are taken mto account. Some of these claims 
nay be justifiable m those cases where the conditions favour the production of 
ammonia by the secondary reaction, but m the majority of cases it is extremely 
mlikely that yields excccdmg 12 lb of sulphate of ammonia per ton of coal can 
}e obtained. In both the assay apparatus and the horizontal steel retorts of H.M- 
^uel Research Station the yields varied from 6 to 10 lb. per ton according to the 
ype of coal carbonised. 

^ Fuel Research Board Report for Years 1920, 1921 ; Second Section ; ** Low Temperature 
Jarbomsation.” (H.M. Stationery OHice.) 
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In a normal bituminous coal containing 5 per cent moisture, the yield of liquor 
per ton of coal would be approximately 10 gallons from the coal itself, and 11 gallons 
from the moisture, or a total of 21 gallons 

In order to pay for recovery, this liquor would require to be of at least 8 oz. 
strength or about 1*7 per cent ammonia. The liquor as collected would therefore 
have to show a recovery of 14 lb per ton to reach this strength. Otherwise it 
would be necessary to circulate the collected primary liquid m an ammonia scrubber 
until it had reached the desired strength of 1*7 per cent ammonia It is practically 
certain that only a small proportion of the total liquor formed could^c concen- 
trated m this way, and m view of the small yield available for sale and the low 
prices ruling at the present time, it will be seen therefore that ammonia recovery 
is hardly worth takmg mto account in the balance sheet of a straight low temperature 
process. 

Apparently no special examination of the distribution of other nitrogenous 
bodies or of sulphur compounds m low temperature liquor has yet been carried 
out ; but these will probably bear some similarity to those found in normal gas 
liquor, although their distribution will certainly be different. 



CHAPTER XVI 

PROGESSES-EARLY WORK 


INTRODUCTORY 

Although it liad been Imown for nxany years that the distillation of coal yielded 
an inflammable gas, it was not until the close of the 18th century that coal gas was 
utilised for the production of light and heat This was duo to the pioneer work 
of William Murdoch, who may rightly be considered the founder of the modern 
gas industry. Murdoch’s experimental work, begun in Cornwall in 1792, and 
contmued m the Soho works of Messrs Boulton and Watt, of Birmingham, in 1799, 
was so far successful that the gas was used in connexion with an outdoor illumination 
to celebrate the Peace of Amiens m 1802 In 1810, the first Act of Pailiament was 
obtained for the formation of a Statutory Company to supply coal gas to the public ; 
and smee that date the industry has developed by leaps and bounds untd its 
ramifications are now world-wide. It is unnecessary m this volume to trace the 
various stages of development of the gas mdustiy Even now finality has by no 
means been reached, and owmg to the freedom m the selection of the most suitable 
methods of working afforded to gas engineers by the Gas Regulation Act of 1920, 
it 16 at present somewhat uncertam in what diiection the high temperatuxe caiboni- 
sation process will tend to stabilise itself m the futuie 

Compared with high temperature cai bonisation, the process of low tempciaturc 
carbonisation has had a very short histoiy Although the first gas-making processes 
were carried out under low temperature conditions, the trend of development has 
always been m the diiection of obtauung increased gas yields by the use of increasing 
temperatures, and over a hundred years elapsed from the time of Murdoch’s eaily 
expeiiments before the possibilities presented by the cai bonisation of coal at low 
temperatures were recognised It is true that sjioiadic attempts were made to 
initiate work of this description, but m the main, inventors who tuined their 
attention to the carbonieation of coal have uBually woiked moie with the idea of 
mcreasmg the yield of gas and decreasing the yield of tar than with that of obtammg 
solid smokeless fuel and a plentiful supply of liquid fuel The liquid fuel would 
mdeed have been a drug upon the market m those days, since it is within com- 
paratively recent times that oil-biirning appliances for steam-raising and mdiistrial 
furnaces and the internal combustion engme have been developed The proposal 
of the process of low temperature carbonisation has been made firstly, for obtammg 
a smokeless fuel, and secondly, for the increase of supplies of home-produced liquid 
fuel to meet the increasmg demands of mdustry during the twentieth century. 

COALITE PROCESS 

Eor the process of low temperature carbonisation, as it is understood do-day, 
there is little doubt that credit must be given to Mr. T. Parker, of Coalite ” 

195 





196 


LOW TEMPERATURE CARBONISATION 


fame. Parker’s first patent was granted m 1890, but his principal patents for the 
process were taken out m 1906. In the years 1907 and 1908 numerous other patents 
were filed in his name. Experiments were first conducted in Q -shaped horizontal 
retorts , but, after experimental work on various other types, Parker devoted his 
energies to the development of the process m cast iron vertical retorts, about ten 
feet long, tapering in diameter from about four mches at the top to about six inches 
at the bottom. Twelve tubes were cast together m a nest, and heated externally 
so that the material reached a temperature of about 450-500° C. The low tem- 
perature coke, known as coalite, was found to be admirably suitable for a domestic 
fuel, and great commercial success was expected from the plant. 

These sanguine expectations were not, however, realised A further study of 
the published records reveals the great difficulties with which Parker had to contend 
in puttmg his process upon a commercial basis For example, he took out patents 
on the improved arrangements for withdrawing gas in the event of any retort 
becoming choked at its upper part and for discharging the coke after carbonisa- 
tion — ^troubles which have not been entirely overcome by the inventors of other 
methods of low temperature carbonisation. The death of Parker undoubtedly 
retarded the development of this process. The later retorts were made of fire- 
brick, and had a rectangular cross-section, very wide in relation to the bicadth 
Four zones of heatmg were mtroduced, the lowest at 450° C , the next at 500° 
C , next at 560° C , and the highest at 900-1000° 0. The function of this high 
temperature at the top of the retort was to crack the tars, to facilitate which a 
grid of suitable matenal and shape was suspended m the free space This retort, 
like its predecessors, was not very satisfactory, and further experimental work 
had to be undertaken Low Temperature Carbonisation, Limited, the successors 
to the origmal company, and the holders of the Parker patents, have evolved a 
retort which is now being tested on a commercial scale at Barugh, Barnsley, and 
which IS described on page 206 

OTHER PATENTS 

In dealing with the work of the eailier pioneers, it is not possible to describe 
the many inventions which have been patented, or the many experimental plants 
which have been built. It is proposed, therefore, in the remainder of this chapter, 
to describe the pre-war and war-time developments and contributions to the 
technique of the subject, leaving for a further chapter the post-war developments 
which have taken place. 

RICHARDS AND PRINGLE RETORT 

In 1909 a further method of carbonising material at low temperatures was 
invented by Richards and Prmgle. This process was continuous m action, the 



PROCESSES— EARLY WORK 


197 


materml being run into V-sbaped buckets on an endless conveyor, which passed 
through a horizontal retort heated externally. The advantage of this process was 
that the material was undisturbed during cokmg, and a very satisfactory coherent 
fuel could bo obtamed. As the material was also m small charges, the time of 
carbonisation was short, and a large throughput might be expected. DilBculty 
was at first experienced in discharging the coked material from the buckets, though 
this was eventually remedied to a large extent. The apparatus is, however, bulky 
for the throughput obtained, and the possibility of the loss of gas through leakage 
is therefore mcreased Other difficulties, due for example to the pm joints of the 
conveyor being subjected to high temperatures, have been 
encountered, and much credit is due to the inventors for 


their praiseworthy attempts to make this scheme ultimately 
successful 


9 - 
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TOZEE EETOET 

In 1909, also, Mr C. W. Tozcr patented a further process 
intermittent m action The distinctive features were the use 
of a high vacuum system, previously patented by W S 
Simpson, and a special design of cixcular vertical retort. 
The letort is of cast non, and has its cross-sectional area 
divided by concentric rings connected by webs, which extend 
the whole Iciiglli of tlie letoit, so that the material is chaiged 
into anniilai spaces about four inches wide, as shown in 
Fig 31 Due to the conductivii-y of the webs, the diainetei 
of tlie ictoit, and lienee its capacity, can be increased con- 
siderably over that of a plain tube without danger of reducing 
the uniformity of cokmg of the charge, while the shape and 
the material of the retoit enable it to withstand the pressure 
due to the expansion of the charge, thus ensuring the produc- 
tion of a dense, homogeneous smokeless fuel It is stated thai 
experience extending over a number of years has shown that 
cast iron retorts for low temperature carbonisation are 
practically iiidcBtructible The time for retorting of the 
charge is about 4 to 4| hours. The central core is scaled 
with a stopper during charging, and being uncharged facili- 
tates the withdrawal of tlic gases and oil vapours by forming 
a gas passage connecting the lower to the upper part of the 
retort. The gases evolved from ihe charge partly pass up- 
wards through the carbonising mass and partly downwards. 
Those gases which pass downwards make their exit by 




Fig 31 ,— Tozkb 
Patent Eetobt. 
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way of the central tube to the eduction pipe which is situated at the top of the 
retort The double exit for the gases, together with the partial vacuum which is 
maintained in the system, enable the gases to be removed rapidly from the retort. 
The retort was origmally kept under a vacuum of 20-27 mches of mercury, but this 
high vacuum is not now specified, being reduced to 70-150 mm. of mercury. The 
charging is efiected through a top door ; and when the carbonisation period is 
completed, the coke is discharged through the bottom door of the retort. The 
chargmg and discharging doors are made tight by a special arrangement, and the 
lower door is balanced by counterweights. The doors are easily locked. The retorts 
are heated by a specially designed recuperative settmg. Each retort is surrounded 
by a ring of brickwork to prevent flame impmgmg direct on the cast iron casmg, 
and the space between the retort and brickwork acts as a heating flue. In each 
of the exit gas flues is a damper which controls the temperature of the retort. 
After passing through the damper, the exit flue gases make a number of passes m 
a recuperative flue, the secondary air for the combustion of the heatmg gases being 
passed through boxes at right angles across the flue. It is claimed that there is 
rarely trouble in gettmg the coke out of the retort. Illustrations of the experimental 
plant at Battersea are shown in the Eng%neer of 23rd September, 1921, and a 
description of the retort which was bemg constructed at the Eraser and Chalmers 
Engmeermg Works is also given. 

MAEYHILL EETOET 

The problem was also mvestigated experimentally by Mr. G*. T. (now Sir George) 
Beilby, at the MaryhiH works of the Cassel Cyanide Company, Glasgow, and the 
position at that time is given in a contribution to the discussion on ‘ ' Fuel Economy, ' ' 
held m Section B of the British Association at Birmmgham, 1913, which is repro- 
duced in full in the Eeport of the Fuel Eesearch Board ^ The retort, patented in 
1910 by Mr. H. N. Beilby, consisted of an externally heated vertical shell, con- 
tammg a series of plates which were inclined alternately in opposite directions. 
The material was passed through the retort m layers about two inches thick by 
jerking or vibrating these shelves. The maximum temperature to which the 
material was subjected in this apparatus was 400-450° C., and the time of carbonisa- 
tion was reduced from the four to six hours necessary in the Parker retort to about 
one and a half hours The reduction was due, not merely to the treatment of the 
material m thin layers and the free escape of the volatile gases, but also to the 
frequent fcurnmg over of the coal as it passed over the shelves, and the consequent 
exposure of fresh surfaces to the action of the heat. 

As the resultmg coke was in small pieces, briquetting was necessary in order 

^ Fuel Reaearch Board. Report for Years 1918, 1919. (H.M. Stationery Oflftce ) 
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to produce a fuel which was suitable for domestic purposes, '^'j^e^ocess-alk^ 
the disability ot bemg able to treat non-caking coals only. Althouj^^ ml^”:^veiffehts 
were effected so that a unit was eventually obtained m which a throughput of 
fifteen tons per day was easily mamtained, it was decided to discoutmue the 
experiments It was considered that a retort of this description was too limited 
in its range of application to provide a solution of the wider national problem of 
the satisfactory treatment of fusible, or partly fusible coals, at low temperatures. 
The experience gamed in the work has since been advantageously employed m 
the design of low temperature carbonisation plant at H M Fuel Eesearch Station, 
which will be later described. 


DEL MONTE AND CHISWICK PEOCESSES 

Of the continuous processes, one of the best known is the Del Monte, embodied 
in what has come to be called the Chiswick retort The development of this process 
can be followed very clearly by an exammation of the patents which have been 
obtained by those in charge The first patent was obtained by Del Monte m 1911 
and the process for a considerable time went by that name. This patent relates 
to the extraction of the volatile matters in carbonaceous mateiials by the diffusion 
through the heated material of a ga,scous medium which is preheated to the same, 
or to nearly the same, tcmpeiature as the charge within the retort. This idea 
was embodied in a small vertical intermittent type of retort, the gaseous medium 
employed being coal gas Apart from other non-commercial aspects of a plant 
of this deBcri})tion, the results weie iinsatisfactoiy, because of the great difficulty 
of ensurmg a uniform diffusion of the hot gas through the charge A radical change 
in the method of retorting was therefore made, and m 1914 a patent was obtained 
m the name of the Oil and Carbon Products, Ltd According to this patent, the 
retort was given a small inclmation to the horizontal, and the material was moved 
through and up the retort by means of a screw conveyor of almost the same size 
as the internal diameter of the retort The pitch of the screw and the diameter 
of the retort were kept small, so that the material did not move through the retort 
in bulk, but was heated in relatively thin layers The retort was heated externally 
by gas, or accordmg to a separate patent filed the same year it could be additionally 
heated by means of gas ]ets placed within the conveyor shaft, which was made 
hollow for the purpose The process was therefore continuous in action, and 
represented a great advance upon the previous patent. This patent was obtained 
not so much upon the method of retorting — ^for of course the principle of the screw 
conveyor is old — ^but on the method of condensing the products of distillation. 
The raw material was fed in at the lower and colder end of the retort, and the 
retort was progressively heated towards the upper end. The oil and gas outlet 
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being at tbe lower end of the retort, the hot gases and vapours were condensed 
by contact with the slowly progressing colder material passing up the retort and 
the condensates were thus easily collected. 

It was found, however, in practice that the oils were so heavily laden with 
free carbon and ash that they were commercially of little use. A possible remedy 
IS reflected m the next patent, dated 1915, in which the retort is horizontal, gaseous 
products of distillation being collected at different points in the length of the retort 
by separate eduction pipes. These eduction pipes lead the gaseous pioducts into 
a collector, which lilrcwise largely acts as a condenser The gas outlet being at 
the cool end of the collector, the patent is obtamed on the claim that the hottest 
vapours have to pass through successively cooler zones of vapour on their way to 
the outlet. 

Up to August, 1918, no further patents had been obtained and the improve- 
ments effected had been of a mmor character. In 1917, the Petroleum Research 
Department of the Government ran a large number of tests upon the plant Those 
tests were made, however, more for the purpose of determming the oil values of 
various materials than of proving the commercial possibilities of the process. 
The tests were so far successful that, under an agreement with the Mmcral Oil 
Production Department of the Mmistry of Munitions, a battery of thii-ty letorts 
was under construction and nearly completed when tbe armistice was signed. In 
consequence of the changed conditions the work was temporarily stopped, and 
the plant was afterwards dismantled Each retort was 14 m diameter, and about 
20 feet long, and would have had a throughput of about 1| tons per day The 
name of Del Monte has now been largely dropped in connexion with this plant, 
and the Chiswick retort, as it is now called, occupies a prominent place m the 
history of the development of the low temperature system of carbonisation 

It should be noted that the Chiswick retort compares with tbe proposed Buniey 
retort, patented m 1918 The Burney letort is about 6 feet in diameter, and about 
30 feet long As in the Chiswick letort, the material is moved thiough tlie letort 
by means of a screw, but m the Burney retort the screw is hollow, and cariies 
the hot flue gases. In this way not only can the diameter, and consequently the 
throughput, be mcreased, but the carbonising heat is economically and efficiently 
utihsed. A description of the Burney retort and process is given elsowlieic^ and 
need not be recapitulated, smee a full-scale plant has not yet been built and tried. 

MACLAURIN RETORT 

In 1909, on tbe motion of Councillor W B. Smith, a sub-committce of the 
Glasgow Corporation Gas Committee was appomted to Inquire into and report 

^ McKay, E E. The Bwney Betort for the Treatment of Cathonaceous MatetiaL (Waiorlow ) 
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on any process of gas-making that will produce a form of coal residue that may 
be available for use in ordinary domestic grates ” In 1914 all the known processes 
for the production of smokeless fuel were examined, and it was decided that the 
process patented by R. Maclaurin^ in 1913 seemed the most promising for this 
purpose. As this process also promised to yield large volumes of gas at a low price, 
Bailie Wm, B. Smith moved, m March, 1914, for the appomtment of a sub- 
committee of the Electricity Department to work along with the sub-committee 
of the Gas Department on smokeless fuel, with the object of deciding whether 
gas could be utilised economically for the firing of boilers Negotiations were 
entered into and proved successful, and in 1916 a plant to carbonise 20 tons 
of coal per day was erected at Port Diindas, near Glasgow. 

The Maclaiixin process differs radically from any of those preceding, inasmuch 
as the fuel is carbonised m an internally heated retort, as opposed to the externally 
heated types previously described. The retort resembles an elongated producer 
or blast furnace, but is on a smaller scale. 

According to the original patent, the inventor proposed to pass heated gas 
through a column of bituminous fuel in a high producei, the tempeiatuie of which 
decreases upwards, and to collect the condensed oils within the upper part of the 
producer, so as to prevent them fiom running back to the lower and hotter part 
of the column. 

The first producer was put down in 1914 at a small colliery in Ayrshire, with 
the object of tieatmg cannel coal and making gas for boiler firing The coal, 
having a high ash content, was burned to ash This work proved the soundness 
of the principle of trapping the oil m the uppi^r legions, but had to bo discontinued 
owing to the colliery getting into difliculties TJic Glasgow Corpoiation, however, 
had by this time decided to piocoed with the erection of a plant primarily for the 
manufacture of smokeless fuel With the object of getting as clean a fuel as possible, 
it was decided to erect a double producer. This producer was desciibod by the 
inventor m a paper read before the Society of Chemical Industry m 1917 

At that time the plant, which was situated at Port Dundas, near Glasgow, 
consisted of two retorts, A and B (Pig 32) The fuel in the small producer B was 
completely burnt to provide powei gas, which passed through the mass of coal m 
the laigc producer A, and carbonised it to smokeless fuel. Thus the ash from the 
fuel burnt to provide the heating medium did not mix with the smokeless fuel 
itself In iJit3 latest illustration of the plant worked at Grangemouth it appears that 
a single producer is now being used. This producer differs from the original type 
111 that the coke does not pass through a water seal at discharge. It is described 
more fully in the next chapter, which deals with the later developments. 

^ Maolaurui, B, “Low Temperature Caibonismg and some Products.’’ Journ. Soc, Ghem Ind,, 
36 , 12 , 
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Tte Maclaurin plant can deal witli a variety of coals. As with other pro- 
ducers, however, it does not work satisfactorily with dross. It is claimed that, 
owmg to the gradual heatmg, little bmding together of the coke takes place except 
with fairly strongly cokmg coals. The blast can be readily controlled so that the 
charge may be entirely gasified, and ash only withdrawn from the bottom, or the 
coke produced may range from a hard grey fuel suitable for metallurgical purposes 
to an easily ignited smokeless fuel adapted for domestic use. It is stated that, 
durmg carbonisation, any stony matter in the coal tends to drop out, while mineral 



JFig. 32 — Maclatjein Prodvoer (1917) 


matter scales off and is concentrated in the breeze. It is claimed, therefore, that 
it is possible to obtam a clean coke containing a percentage of ash which is little 
higher than that of the origmal coal since the bulk of the ash is separable as 
stones or segregates in the breeze. 

When the experimental work was stopped at Port Dundas, owing to difficulties 
created by the war, the principal conclusions reached by Mr. Maclaurin as a result 
of that work were : — 

(1) Coal could be turned into smokeless fuel by the passage through it of 
from 13,000 to 20,000 cubic feet of hot power gas. This is much less than 
was generally believed to be necessary. 
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(2) An easily kindled smokeless fuel could be obtained, containing not more 
than 4 per cent of volatile matter. 

(3) In a true low temperature carbonisation the yield of rich gas was very small, 
being probably not more than half what was generally believed. 

(4) The oils obtamed were highly complex bodies, difficult to investigate by 
distillation, as they appeared to suffer decomposition on re-distillation, 
giving rise to new products. 

(5) Ammonia was obtamed in fair quantity, but, while the liquors were free 
from ferro-cyanides, sulpho-cyanides, etc , they always contamed certain 
complex polyhydric phenols, capable of dyeing iron-mordanted wool a deep 
slate grey. 

(6) The most important conclusion of all, however, was that a plant of this 
type could work with colang coals without sticking up, a difficulty which 
had been almost universally predicted by all those experienced m coal 
carbomsing. 

The plant at Port Dundas was taken down and re-erectod at Grangemouth, 
where further experimental work is now proceeding The process appears to be 
one of great pronaise The first cost, and the cost of maintenance, aie low , the 
labour costs are also low, and the heating arrangements efficient. It still remams 
to be proved, however, that the gas, oil and coke will find ready and profitable 
outlets when a plant on a commercial scale has been installed in some centre 
of industry 

ESTABLISHMENT OF HM FUEL RESEARCH STATION 
AT EAST GREENWICH 

In addition to the above processes initiated and developed durmg the pre-war 
and war-time periods, numerous other patents had also been taken out at the same 
time, and many other experimental plants built. Interesting though many of these 
may be, it is not possible within the confines of a single volume to give an extended 
description of all Durmg this period, however, it was becoming more and more 
apparent that the difficulties of low temperature carbonisation were more profound 
than had been anticipated by the early pioneers , and that for the development 
of each and every process some measure of co-operation and mutual assistance 
was essential between those mterested m the solution of the problem. This 
development was in reality part of a larger movement. For many years there 
had been a growing consensus of opinion that a special need existed for some degree 
of State organisation and assistance in every form of scientific research. It was 
felt that if this country were to advance, or even maintain its industrial position 
in the markets of the world, there must be such a development of scientific and 
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industrial xesearch. that the national industries could expand naturally and compete 
successfully with those of other highly organised countries. These views finally 
took form when, in July, 1915, a Committee of the Privy Council for Scientific 
and Industrial Research appomted an Advisory Council composed of men eminent 
in science and industry. One of the primary functions of this Advisory Council 
was to advise on “ proposals for establishmg or developing special mstitutions 
or departments of existing mstitutions for the scientific study of problems allecting 
particular mdustries and trades.’’ 

It was soon recognised that certain lines of mvestigation existed which affected 
so large a number of interests and of which the prosecution was so vital to the 
well-bemg of the population that they could not be effectively followed by the 
mere affording of monetary or other assistance to any particular industry for 
co-operative research. For example, the question of research into fuel and its 
utilisation was too comprehensive to be dealt with by any one industry. Accord- 
ingly in 1917, a Fuel Research Board was established, and a Director appointed 
immediately responsible to the Lord President, m order to organise and cany out 
research investigation on fuel problems. 

OBJECTS OF THE FUEL RESEARCH BOARD 

It has already been pointed out in Chap. I that the Fuel Research Board have 
kept m view two mam lines of research * First, a survey and classification of the 
coal seams in the various mming districts by means of chemical and physical tests 
m the laboratory, and second, an investigation of the practical problems which 
must be solved if any large proportion of the raw coal at present burned m ii,8 
natural state is to be replaced by the various forms of fuel obtainable from coal by 
carbonisation and gasification processes 

In their second Report to the Lord President, the Board stated that • — 

“ The second of the proposed lines of inquiry has been led up to by a vaiiety 
of influences during the past eight or ten years. Among these influences have 
been the demands for cheaper and more ample supplies of electrical energy, for 
home Bupphes of fuel oil for the Navy, of motor spirit for the Transport and 
Air Services, and last, though by no means least, for smokeless domestic fuel 
This last has been brought about through the growth of public and municipal 
opmion on the subject of smoke prevention m cities and in industrial centres 

‘‘ The only development which would satisfy all these needs simultancouBly 
would be the replacement of a large proportion of the raw coal which is at present 
burned m boilers, furnaces and domestic fires, by manufactured fuels prepared 
from raw coal by submittmg it to distillation. 

“ The greater part of the coal which is consumed in Great Britain is burned 
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in its natural state as it comes from the mines. The question of the moment 
then IS • to what extent can and ought the present use of raw coal be replaced 
by the use of one or other of the various forms of fuel manufactured from coal — 
coke, briquettes, tar, oil or gas. While there is already m the possession of 
experts a certain amount of knowledge and experience which might enable 
them to organise and dnect schemes for the replacement of raw coal by 
manufactured fuel in particular directions and on a fairly large scale, no really 
comprehensive scheme can be formulated till certain perfectly definite problems 
in coal distillation have been solved 

These problems can only be solved by carefully organised experiments 
on a working scale carried out under the conditions lilcely to arise in practice ’’ 

After pointing out the fundamental differences between gas and coke-oven 
industiies already established, and a possible new industry which would provide 
for the desiderata already referred to, the Report continues — 

“ As regards the carbonisation of coal at low temperatures there is no 
corresponding body of experience in existence and there arc very few pioperly 
acci edited data available ” 

It will thus be seen that, although the programme of the Fuel Rescarcli Board 
includes the whole question of the moic efficient utilisation of fuel, the subject 
of low temperature carbonisation occupies a foremost place 

II M Fuel Research Station at East Gieenwich is designed and equipped for 
the purpose of conducting operations both on laboratory and full industrial scales 
Since its opening a largo amount of leliable data has been obtained and made 
available m connexion with the methods of treatment of coal Although it cannot 
bo claimed that a complete industrial solution of the problems of low temperature 
carbonisation has been arrived at either here or elsewhere, it is believed that 
Icnowledge and experience have been gamed which have brought a commercial 
solution appreciably nearer. The Board have also, from time to time, assisted 
other mvestigators and firms in their experimental work, both by free discussion 
of the difficulties and possible solutions and, in some cases, by the provision of 
financial assistance for the erection of plant possessmg some specially promising 
feature* 
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PROGESSES-SOME LATER DEVELOPMENTS 

INTRODUCTORY 

Useful though it he to study the work of the early pioneers of low temperature 
carbonisation, it yet remains to be seen how their failure and successes are reflected 
m the processes now being considered and actively advocated. It is desired in 
this chapter to describe and illustrate these processes and retorts (which, it should 
be added, are placed m alphabetical order, except for a few which are described 
in tabular form on p. 235). 


THE BARNSLEY PLANT 

The plant of Low Temperature Carbonisation, Limited, at Barugh, Barnsley, 
consists of twenty retorts, built as one unit, and has a throughput of about 36 tons 
per day. Each retort is made of firebrick, cemented with fireclay, and is of the 
vertical, mtermittent, externally heated type. The total depth of the retort is 
9 feet 6 inches, the width at the top 7 feet 3 mches, the width at the bottom 7 feet 
6 mches, and the breadth 11 mches. The distance from centre Ime to centre lino 
of adjacent retorts is 21 inches. It is stated that, m a retort of these dimensions, 
12 cwt of coal can be carbonised at a time, and that the time of carbonisation 
is less than eight hours. The throughput for each retort is therefore about 36 cwt. 
per day Each retort hopper carries one charge, and thus acts as a measuring 
chamber Sections of the retort are shown in Figs 33, 34 and 35. 

The distinctive feature withm each retort is a pair of collapsible iron plates 
which are suspended about three and a half mches from each side wall The 
charge to be carbonised lies between the plates and the walls. The plates are 
perforated, and the free central space between them is in communication with the 
exhauster. The function of the plates is twofold In the first place, the space 
between the plates forms a central chamber whereby the removal of the gases from 
the retort is facihtated. This is beneficial m two ways It reduces the contact of 
the vapours with the hot charge to a minimum, and as the pressure within the 
retort is thereby kept fairly uniform, there is less liability for the retort to choke 
and cause the rich gas to leak through the walls to burn with the flue gases. The 
other function of the plates is to prevent the jammmg of the charge m the retort 
durmg carbonisation, and to facihtate the withdrawal of the coke when the bottom 
door IS opened As shown m Fig 36, the plates are suspended from a bridge piece 
in the retort The partial rotation of the bridge piece moves the plates towards 
each other, and the coal space m the retort is thus increased. The expanded and 
collapsed positions of the plates are shown m the same figure 

Durmg chargmg and carbonismg the plates are on the same level. The bridge 
piece covers the space between them, and deflects the charge into the two outside 

206 
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riG. 33 . Pig. 34. 



Pig 35. 

Pigs. 33-36. — ^BARNSMir Bbtoet and Sotting 
(Low Tcmperatvire Carbonisation, Ltd.). 
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spaces The plates are kept apart by flanged abutments, which take the thrust 
when the coal swells during carbonisation. At the bottom the plates are connected 
by a link, which determines their maximum separation. When the bridge piece 
IS partially rotated, the plates come together, one plate rising and the other falling 
by equal amounts, so that the distance between their outside surfaces is reduced 

from five inches to about thiee inches On account 
of this extra space, the discharge of the fuel after 
carbonisation is facilitated, and the retort can 
be readily cleared. These plates are made of 
manganese cast iron, and they are stated to 
/ ^ ‘ i ’ ' ■ ' ' withstand the somewhat arduous service without 

I . sullermg undue growth or other trouble 

. j ‘ i’ ^ . j 1 A further distmctive feature of this plant is 

. [ ' ■ I I the coolmg chamber beneath each retort. When 

’ ■ ' • 'l the dumpmg door is opened, the charge drops 

' ' ' ■ ; f directly into this chamber. The fiont of each 

' ! ' chamber is closed by an airtight door, througli 

' [ ' j which the fuel, when cooled, is diawn out on a 

» ' I ' sloping platform extending throughout tlie length 

• ■ . 5 of the retort bench. The coolmg chamber is 

I i made of sheet steel, the two sides being water- 

! 'I I jacketed The back is curved, to facilitate the 

I ' ^ } clearance of the chamber Thin vertical plates 

; ‘ . are fixed centrally in the water jacket in order 

j j ' to ensure a continuous circulation of the water 

1 / i It IB claimed that practically the whole of the 

] sensible heat of the fuel is thus absoibod, and 

■ ■ J that the coke can bo sufficiently cooled for with- 

j ■ ; j ; r drawal within two hours The steam generated 

! \ ; 1 I ^ coolmg chamber is intended for use in the 

" ^ ■ fractionating of the tar oils. 

Steam is admitted through the dumpmg door, 
^Showu^ oXpS plates®’^ claimed thai, the action of ^ the etoam on 

the charge undergoing carbonisation results m 
the increase of ihe ammonia compounds in the gas given ofE. 

The gas leaves the retort at the top and passes into a hydraulic mam through 
swan necks The tar extraction plant, gas scrubbing plant, etc , are those of 
ordmary gasworks practice. 

The gas retorts are heated externally by gas obtained, either from the carbonised 
-charge, or from a Mond producer gas plant. A section through the retort flues is 
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shown in Fig 33 The burner flues are situated one above another horizontally 
in the space between the retorts It will be seen that two large gas mams run 
horizontally at the front and the back of the retorts and feed the burners through 
vertical pipes. The burners are plain horizontal pipes. The hot gases of com- 
bustion from the top burner pass downwards, regenerated at each successive flue 
by supplementary burners. The waste gases eventually pass through recuperators 
and pre-heat the air for the burners. 

The charge is a mixture of colang and non-coking coals in the proportion of 
about 30 70, and the mixing occurs while the coal is being washed. The washed 
slack carries from 10 to 12 per cent moisture The charge per retort of 12 cwt 
produces about 917 lb. of saleable coke, of which not more than 4 per cent is breeze, 

THE CARACEISTI PROCESS 

The Caracristi process, which has recently been adopted by the Ford Motor 
Company in the United States, consists essentially of a molten lead bath, over 
which roughly pulverised coal is passed m layeis on a metal plate conveyor It is 
stated that a Caracristi retoit with a throughput of twenly-five tons per day has 
been successfully working for two years in Ameiica The chief feature in this 
process IS the shoit time required foi the carbonisation of the material It is 
claimed that a layer of coal ludf an inch thick, passing over a bath of molten lead 
at a tcmpeiature of C50° C , is completely carbonised in live minutes 

Dei-ails have been published of a plant now under construction at the Ford Works 
m Canada, at Walkerville, Ontaiio Tlic firebrick letoiL is about 50 feet long 
Gas IS the source of heat foi inamtaming the inolt-en lead bath at the required 
temperature, and the pioducts of combustion pass thiough narrow passages uiidei 
the bath into chequer brickwork regeneiaLor settings overhead A layer of coal 
about half an inch thick is run on tlie continuous metal conveyor which travels 
on the surface of the lead, and returns under the bath through a tumiel This 
tunnel also contains a secondary conveyor winch is used to cool the coke before 
it is discharged. The mam conveyor consists of cast iron plates which are connected 
by steel pins and have overlapping joints, so that the coal does not fall on the lead 
The speed of the conveyor is such that, as previously stated, the time of carbonisa- 
tion of the fuel is about five minutes 

It IS stated that the normal quantities of the products of carbonisation are 
obtained by this process, and that the coke contains 12-16 per cent of volatile matter. 
It IS not, however, in a form suitable for use as a domestic fuel when it comes 
from the retort. It is the intention of the promoters to pulverise the greater pro- 
portion of the fuel obtained from the plant under construction, and use it for steam- 
raismg purposes. 


0 
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THE CARBOCOAL PROCESS 

The Carbocoal or Smith, continuous system of carbonisation, developed in 
America by the International Coal Products Corporation, should strictly be 
ranked amongst the high temperature systems but for the fact that the inventor, 
Charles H. Smith of New York, has attempted to solve the problem in America 
which corresponds to the problem attacked by low temperature carbonisation in 
this country. 

Coke, which is known as “carbocoal,*’ and oil are the primary products of 
carbonisation, and gas is a secondary consideration. The process differs from other 
processes m being m two stages ; the material first being treated at a low tem- 
perature, and the resultmg semi-carbocoal agam treated at a high temperature. 
A plant working on this system at South Cbnchfield, Virginia, has a capacity of 
650 tons of carbocoal daily. Another plant has also been constructed at Irvington, 
New Jersey. 

It is possible to carbonise a wide range of materials by this process, mcludmg 
ligmte, cokmg coals and non-coking coals. The material is first crushed to pass a 
sieve of |-mch mesh, and then heated m the primary retort to 480® C. This retort 
is horizontal and externally heated. It is about 18 feet long, and is built up of 
blocks of carborundum, fitted with tongued and grooved asbestos-packed expansion 
joints The time of carbonisation is from two to three hours. The retoiii is of 
mverted heart shaped cross-section, as shown in Eig 37, and the material is con- 
tinuously stirred and moved along the retort by paddles attached to two longi- 
tudmal shafts. The paddles have a radius of feet, and the shafts rotate one 
revolution in eight minutes. The end walls are made of firebrick The rotorl,H 
are kept half full of material, which is discharged through a water seal, and is then 
a soft, friable mass. The throughput per retort, if contmuously worked, is about 
36 tons per day. 

The material, on leaving the primary retort, contams from 7-10 per cent 
of volatile matter It is then made mto ovoid briquettes, the pitch obtained 
from oils distilled in the plant being used as a binder. The briquettes contain 
about 15 per cent of volatile matter, and are fed mto the externally heated secon- 
dary retort. The secondary retort, shown in longitudinal cross-section in Eig. 38, 
is about 12 feet wide, 21 feet long, and 26 feet high at the discharge end Each 
retort is rectangular m cross-section, and contains six carbonising chambers, in 
two tiers of three each Bemg mclined, the briquettes pass through the chambers 
by means of gravity, and are afterwards quenched in water. The temperature of 
carbonisation is about 1100® C., and the time taken is six hours. The percentage 
of volatile matter in the finished briquettes is only 3-4 per cent. The usual by- 
product plant IS mstalled, and the tar oils and ammonia are recovered from the 
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Section A A 

Fig 37. — Cabboooal Process (Sectional view of Primary Eetort.) 
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gaseous products of combustion. Most of the stripped gas is used in heating the 
primary and secondary retorts, but there is a surplus which is available for other 
purposes. The gas burners for both retorts are placed in flues and a recuperative 
system of pre-heating the air for combustion is employed 



Fig, 38. — Oabboooal Pbooess. (Sectional view of Secondary Ilotort.) 


As the pitch has also been decomposed m the second carbonisation, the fuel 
is quite smokeless. It is very compact and hard, and is thus suitable for transport). 
It is, however, difficult to ignite. The latter would be a serious disadvantage in, 
a proposed domestic fuel for this country , but, as carbocoal is m competition with 
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anthracite m the western states of America, it is quite adapted to the method of 
burning there adopted On the other hand, on account of the restrictive legislation, 
the bituminous coal from which carbocoal may be made cannot be generally 
employed until it has been pre-treated. 

THE EVERAKD DAVIES PEOCESS 

The scheme of operation of this process differs from the other proposals for 
low temperature carbonisation m certam definite particulars. In the first place, 
it IS claimed that the limits of 10-15 per cent for the volatile content of the coke 
are superior to the generally accepted limits of 6-12 per cent The reasons assigned 
for this are {a) smokelessness with the higher and lower volatile contents is equal , 
(b) the coke with higher volatile content has also a higher calorific value , (c) there 
IS a saving in the heat required for carbonisation by leavmg the extra volatile 
content in the coke , and (d) the facility for forming a transportable mateiial is 
equal to that of a less volatile coke by the contiol and vaiiation of the retorting 
factors It is rightly pointed out, howcvei, that if the higliex limit of volatile 
matter be loft m the coke, the volatile content of the original coal hlioiJd not fall 
below 30 per cent, or otherwise thoic is not a sufficient margin Jtor profitable by- 
pioduct yields In the second place, the temperature aimed at in this carbonising 
process is 700-800° C. instead of the lower limits generally adopted by other 
inventois 

The use of a higliei tempeiaturo of couisc reduces the time of carbonisation, 
and it is claimed that the disadvantages expeiienced when a higher temperature 
is used in other low tempeiatuie pioccsses aio lemoved in this process by the 
method of heating employed In this system, both internal and external heating are 
proposed About 25 per cent of the heating gases is passed through the retort, 
and it IS claimed that thereby the time of carbonisation is icduced, so that a given 
size of retort has a larger throughput than if external heating only were employed, 
while the small volume of gas employed for mtcrnal heating does not reduce the 
calorific value of the gaseous yield to such an extent as to make the gas unsuitable 
for town gas. The inventors state that it is their intention to work the retort at 
either high, medium or low temperature, according to the special circumstances of 
any mstallation. 

The Everard Davies mstallation consists of a pair of vertical retorts. These 
retorts have between them a central vertical chamber connected to the exhauster 
mam, into which pass the gases and volatile products. The retorts are not heated 
externally throughout their circumference, but only on that part remote from the 
central chamber. It is claimed that, with this arrangement, the cracking of the 
volatile products of carbonisation is reduced to a minimum. The combustion 
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chambexs are arranged m three or four zones, ranging from 400° C. to about 
800° C , so that the material is progressively heated as it passes through the retort 
under the action of gravity. As previously stated, about 25 per cent of the heatmg 
gases passes through perforations in the retort, and mixes with the charge during 
carbonisation. 


THE FISHER PROCESS 

The patented process of coal carbonisation adopted by the Midland Coal 
Products, Ltd., and worked out by Mr. A. Fisher, B.Sc , A.I C., is the outcome of 
investigations begun with the set purpose of findmg an outlet for a definite class 
of poor quality coal. It may be remarked m passmg that this attitude towards 
the problem is very sound, smce there are great possibilities of attendant success 
should coUiery owners, or those connected with collieries, attempt its solution in 
dealmg with certam definite types of coal m which they are mterested, even 
should the process or retort evolved prove unsuitable for a wider range of 
material. 

The material in which the Midland Coal Products, Ltd., is chiefly mterested 
IS non-cokmg small slack, which is, in normal times, mainly a drug on the market 
A typical coal of this type is Top Hard Half-mch Slack, of which the analysis of 
an average sample is as follows — 


Ash ...... 

Per cent 

. 3151 

Volatile Matter .... 

. 24-20 

Fixed Carbon ..... 

. 44 29 

Sulphur ...... 

. 139 

Calorific Value, 9800 B.Th.U. per lb. 



Naturally the first objective in dealing with material of this nature, in order 
to produce a final solid product of value, is the employment of an efficient washing 
process. Economic and effective washmg of slacks was not an easy matter until 
quite recently , but the Rheolaveur process of coahwashmg solves this initial 
difficulty with satisfaction, both from a technical and commercial point of view. 
It is stated that the ash content of the raw material of about 30 per cent can now 
be easily reduced commercially to a maximum ash content of 4| per cent at a cost 
not exceedmg 6d. per ton, washed. 

The raw slack shows on grading and washing tests the following percentages, 
thus showmg the difficulties to be contended wdth in the washmg process : — • 
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GRADING AND WASHING TABLE 
Sample op Top Hard Halp-inoh Slack 


inch to i inch 

Floatings 
on 1 36 

Sp Gt, 
Solution 

Sinlungs 
floating 
on 1 4 

Sp Gr. 
Solution 

Sinlangs 
floating 
on 1*6 

Sp Gr 
Solution 

Sinkings 
floating 
on 1 6 

Sp Gr. 
Solution. 

Sinkings 
on 1 6 
Sp Gr 
Solution 

69 6% 

Ash, 22 0% 

V.M., 27-57% 

FO, 50-43% 

inch to 1 mm. 

57 % 

1 95 % Ash 

45 % 

7 6% Ash 

2 15% 
12-9% Ash 

20 % 

28-4% Ash 

34 % 

72-3% As] 

14-3% 

Ash, 29 66% 

V M , 24 90% 

FO, 45 45% 

1 mm to 0 

51% 

1-8% Ash 

3 7% 

6 7% Ash 

3 9% 

12-2% Ash 

21% 

26-4% Ash 

39% 

71-4% As: 

16 1% 

33 4% 

2 2% Ash 

4 31% 

6 4% Ash 

6 46% 

9 5% Ash 

1 13% 

20 6% Ash 

56% 

63% Ash 


Ash, 36 39% 

V.M , 20 38% 

FO., 44-23% 

Tailings As h 73-50% 


The next problem was to put this fine washed coal into suitable lorm to find 
a maiket other than for boiler-firing purposes, for which, of course, such a clean 
material has an immediate outlet. Straight carbonisation in the state of washed 
slack was m any case a useless procedure to attempt, as the coal was of non-cokmg 
character, and the carbonised product would consist of nothing but breeze, for 
which no satisfactory market existed. 

Briquettmg of such breeze by the addition of a bmder to the carbonised fuel, 
by which means volatile matter would again be added to the carbonised material, 
seemed an unscientific procedure. Complete gasification was a possible outlet, 
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but bere again tbe material was too small to be of general use for this purpose, 
and this, combmed with a low fusibility of ash, restricted the market 

In order to get a satisfactory solid product in a marketable condition, lump 
material was essential. This has been attained by simple bnqueti-mg before 
carbonisation. 

Ordmary briquettmg with normal pressures, entailmg normal dismtegration 
of the slack, was considered essential from a commercial point of view for many 
reasons, but it was obvious that with a binder of the nature of pitch introduced 
mto the fuel, it would be impracticable to carry out satisfactorily any method 
of carbonisation by external heat application, owing to the tendency which the 
bmder would have to flow out of the material at a temperature lower than that 
of the mcipient fusion of the coal substance Internal heatmg was experimented 
with and satisfactory results obtained. It was found that by grinding the washed 
slack to a grade of fineness to pass an ordmary ten mesh before briquetting, the 
mcorporation of the bmdmg agent assisted the cokmg of this particular coal 

Here it is to be remembered that the Top Hard seam is a banded seam of dull 
and bright coal with a quantity of black shale, but a higher concentration of the 
bright coal, havmg a higher coking mdex than the dull hard bands, is found in 
the slack, and by grmdmg and mixmg, the non-coking particles are found after 
carbonisation to be mtimately mixed with the higher cokmg particles of tlio biiglit 
material, and a uniform hard coke is produced By this means a natuial blend 
of cokmg and non-cokmg coal is obtained at once, such as has been aimed at by 
scientific blending of cokmg and non-cokmg coals artificially for several processes 
carrymg out low temperature carbonisation 

The briquettes have a maximum weight of 5 ounces and are made ovoidal or 
spheroidal m shape, with the definite object of ensuring regular interstices through- 
out the mass, not only for the penetration of the blast introduced at the base of 
the retort, but also for the full utilisation of the sensible heat of the liberated gases 
by uniform distribution throughout the mass of the oncoming charge 

The actual process of carbonisation is thus much on the lines of pressure gas 
producer practice, with the exception that the air-stcam mixture is fed m horizon- 
tally from the periphery of the retort base The retorts themselves resemble 
mmiature blast furnaces m shape, tapermg upwards and downwards from a 
maximum diameter of 5 feet 6 mches at the widest part, with cooling arrangements 
at the bottom. 

The o voids are fed in at the top to mamtain a bed of 12 to 14 feet depth, and 
gravitate through the retort without any mternal mechanism. It is found that, 
by proper control of blast conditions, considerable variation m throughput can be 
obtained without changmg the quality of the product. A maximum throughput 
of 28 cwt. per hour per retort is obtamable. 
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The feared disruptioxi of tlie briquettes hi pasBing through the rctortB does 
not take place to any marked degree ; and under normal conditions a GO per 
cent discharge of whole briquettes is obtainable, 80 per cent of the reniauidor 
beuig halves and quarters, with an almost negligible proportion of dust. 

Naturally, with a process of this description, good briquetting is of vital 
importance. 

The maximum temperature obi»aiiied is in tlie region of 1000° 0. m tbo com- 
bustion zone, and the volatile content of the haul caibonised product is between 
1 and 2 per cent 

Contiary to general anticipation, ihis inatorual is a (ree-buniing fuel. 

There is a tendency for tlu^ high heats obtained by foiced draught condildoiis 
to fuse the ash into clinkci, but this is duo to the inherent quality of tJie OxihI ash 
in the coal itself, which has a low fusion toinpiuature Otliei coals with a different 
ash do not exhibit this quality to the same d(‘gi(‘e A numlxT of coals, paiticularly 
Staffordshire coals, have been tieatod, and it is found that the pioc(‘SH is ap[)lical)le 
to a large variety of coals with a low colving iiub'x 

The Midland Coal Products, Ltd , liav(' now (‘K'cb^d a bat(,(uy of four r<‘toits 
with a normal capacity of 100 tons tJiroughput pei day, and aio obtaining full 
commercial data on the piocH'ss 

The paxticnlar featuii^s of the puHX'Ss of iiiqiortanei^ fiom tlie cconoime point 
of view are The low capital cosi, of plant in relation to tlui i;lirongh])ut, and th(^ 
low lato of depreciation of the i (hoi Is owing to the small aiea of biiekwoik wliuffi 
IS subjected to destructive li(‘nt 

TILE KltKLMAN MULTI lUCrORT 

The Freeman Multiph^ Retort cun be us(hI wi(Ji oil shali^s or noincalving e.oals 
which do not fuse when they are iK'ni-ed. rch.ort (h’lg 31)) consists esscuitially 
of a senes of cast-iron clmnibcu’s pln<;(‘<l vertuailly one above tlu^ otlu^r Tln^ coal 
enters the top chamber through a giisliiglit charging valve, and falls xqion a lotaiang 
plate. By means of ploughs it is spread oviu’ ihis ])late in a t/hin layer, and is 
gradually worked to the outer edgi^, wluuice it falls on to tlie bottom of tlie 
first chamber. 

A senes of ploughs attached to the bottom of tlu^ rotating jffat-e gradually works 
the coal into an opening in the centre of the floor of the chamber , tlumco it falls 
upon a rotating plate in the second chamber, and tlu5 ))r()C(‘,ss is repeated. The coal 
IS therefore very evenly heated up to the maximum tomjierature. The first chamber 
is mamtamed at a temperature approximately 120° C., sufficient to drive off the 
combmed and free moisture in the coal. 

The second chamber brings the coal up to the temperature of incipient oil 
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production, while the maximum temperature attained in the jSfth or sixth chamber 
IS about 455° C to 485° 0. 

The original idea in connexion with this plant was that the coal should be frac- 
tionally distilled. An attempt was made to isolate the distillation products given 
off at each temperature This, however, has in practice only been partially success- 
ful. The first chamber does act practically as a dehydratmg chamber, and the 
products of distillation from the top chamber consist almost entirely of water 
The oils and tars from the remaining chambers are not clean-cut fractions, however, 
and some of the oils from chamber Wo. 2, for example, are collected m receiver 
No, 3, and so on. Despite the general lack of fractional distillation, the removal 
of the water in the first chamber does materially reduce the dehydration necessary 
of the final oil products 

A plant has been installed at Willesden of a capacity of ten tons per day. The 
tomperatui'e regulation has proved to be exceedingly efScient, and the system has 
demonstrated its ability to deal successfully with non-fusible coals and oil shales 
The system is of use where smokeless fuel m powdered form is lequired for dust 
firing or for subsequent briquettmg 

THE DUEL EESEARCH BOARD RETORTS 

It has been previously pointed out that one of the difficulties in the develop- 
ment of low temperature carbonisation is that laboiatory experiments on small 
quantities of coal do not necessarily give the same propoitionate results as those 
obtamed when the material is treated m laigo quantities on an industrial scale. 
The determination of the relations between operations on a laboratoxy and works 
scale is tliereforo of some importance, and it was with this imderlymg idea that 
the laige-scale experimental retoit of the Fuel Research Station was designed. The 
fundamental provisions it was desired to embody were — 

(i) The steady mamtenance withm the retorts of any desired carbonising 
temperature up to 600° 0 

(ii) The exposure to the desired temperature of coal crushed to various degi’ees 
of fineness in layers of any desired thicloicss, due regard being paid to the 
effects of heating by radiation, conduction and convection. 

(ill) The collection and accurate measurement of the gases and volatile liquids 
resultmg from carbonisation. 

(iv) The removal, quenching and weighing of the resultmg coke and the study 
of the influence of fusibility in different types of coal on the physical 
properties of the coke. 

(v) The design and construction of the ovens or chambers m which the car- 
bonising retorts or machines are set so as to ensure uniformity of heatmg 
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with the minimuin expenditure of fuel and the minimum delerioration 
of the metal of which the apparatus is constructed. 

(vi) Towards the attainment of these ends the complete control and accurate 
measurement, not only of the fuel gas used to heat the setting, but also 
of the air supplied for its combustion. 

The settmg of the retort was designed before the laboratory assay apparatus 
had reached its final form, but the importance of studying the behaviour of the 


1 A A 1 



Fig 40 — H M Fuel Eesearch Station Horizontal Steel Retorts eor Experimental 
Work on Low Temperature Carbonisation 
Sectional elevation of Bench 

a Steel retort h Combustion chamber c Camboied steel plate (top) d Cam beredateol plate (bottom) 
e Channel iron Side (5" deep) / Self sealing door n Nostii I blocks for fuel gas and air g Waste gas Hue 
h Carbonising tiayb p Overhead traveller o Movable cradle 

carbonisation of coal at different temperatures and of preparmg accurate balance 
sheets was kept in view thronghont m both cases 

A full description of the horizontal steel retorts erected at H.M Fuel Research 
Station IS given m the Report of the Fuel Research Board, ^ but a sectional elevation 
is shown in Fig. 40 Briefly, the battery consists of nme horizontal retorts, each 

^ Fuel Research Board Report for the Years 1920, 1921 ; Second Section • “ Low Temporatuie 
Carbonisation.” (H M. Stationery Office ) 



PROCESSES—SOME LATER DEVELOPMENTS 221 


9 feet long and 2 ^ feet wide. Each retort consists of top and bottom plates of 
l-inch mild steel, slightly cambered, connected by 5-mch standard section channels. 
With this cross-section it has been found that the retorts have successfully resisted 
the tendency to distortion due to their exposure to a temperature of 600° C. durmg 
a lengthy period The retorts are closed at the front end by self-sealing doors 
through which are inserted the trays in which the coal for carbonisation is spread. 
Two trays per retort are used, each tray being the full width of the retort and 

3 inches deep. Steel strips across the trays divide the material into blocks of 3-mch 
cube. The gas off-take is at the back of the retort and leads to a common collectmg 
mam, but the off-take is automatically closed when the retort door is opened 
The vapours are led as usual through condensers, scrubbers, etc., for the collection 
of the oil, etc , and the gas is collected in a gas-holder 

The heatmg chamber for the battery is 30 feet long, 8 feet wide, and on the average 

4 feet high It has a capacity of about 860 cubic feet The gas and air are supplied 
through three nostril blocks in the roof The combustion of the gas is completed 
under the crown of the arch, which is maintained at a temperature of over 600° C 
and radiates its heat to the upper suifaces of the letorts The products of com- 
bustion pass the retoits on their way to the flues which lead from the bottom of 
the chamber. 

These retorts have proved extremely useful for the purpose for which they 
were designed The yields and qualities of the products of the caibomsation of 
vaiious types of coal have been ascertamed wilJi great accuiacy, and valuable 
Imowledge of the maintenance of retorts of this desciiption has been obtained 
The most senous disadvantage fioma comm eicial standpoint lias been found to be the 
relatively heavy labour cliarges involved on acc.ount of tlie caibomsing irays being 
put m and taken out of the letoit by hand Even under siicli adverse conditions, 
however, the retort at one state of tlie market was practically self-supporting 

In view of the experience gamed by the working of these retorts, a further 
carbonismg machine was devised and patented,^ one of the patent drawings of 
which IS sliown m Fig 41. It will be seen that the carbonismg trays rest on an 
elevator which can be moved vertically m a gaslight chamber. The trays can 
in turn be moved opposite an opening m the retort through which the tray is drawn 
to an outside chamber It is then discharged of lis coke, reloaded with coal and 
returned to its shelf m the elevator. This letort has been in operation for some 
months, and very satisfactory coke has been produced On account of the reduction 
in the amount of heat transferred to the coal by radiation, an increased time of 
carbonisation has boon required over that necessary m the earlier retort, and the 
mechanical difficulties caused by the tendency of parts to get out of register owing 
to creep ’’ of the metal at the temperatures used have likewise reduced the 

» Pat. Spec 178, 99d: (1922) 
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advantages wIlicIl would otherwise have been obtained. The experiments upon 
this type of apparatus have accordingly been dropped for the time being, as it 
seemed that a more promising method of low temperature carbonisation was 
opening out in another direction, and the time of the staff and the facilities of 
the station might more profitably be used m developing the new scheme. (See 
P 261.) 


THE FUSION PATENT LOW TEMPEEATURE RETORT 


The Fusion Patent Low Temperature Retort is made in two types, viz double 
tube type and single tube type In the former, the material passes down the centre 
of the mner tube, where it falls into the outer tube. It then passes down the 



annular space between the inner and outer tubes, and leaves the outer tube at the 
same end at which the material is fed to the retort. In the single tube type the 
material is fed into the tube at one end and discharged at the other. In each case 
the axis of the tube is horizontal. In the double tube typo, the tubes are concentric, 
and m the design illustrated (Fig. 42), the outer is about 30 inches in diameter and 
the inner about 18 inches in diameter. The retort is constructed in standard sizes 
from 2 feet 6 inches to 4 feet in diameter, and from 25 feet to 100 feet in length. 
The capacities of these retorts vary from 6 tons to 100 tons of coal per 24 hours. 
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It IS stated that for a speed of 6-7 revs, per minute, 1 B.H.P. is required to drive 
the 5-ton unit. 

Withm the mner tube is a loose star ’’ or “ cross ’’ breaker, whose diameter 
is about two-thixds that of the mternal diameter of the mner tube As the retort 
rotates the breaker is carried with it until a pomt is reached when the breaker falls 
over, and one point or edge of the star or cross comes m contact with the bed of 
the material under treatment, givmg it a glancing blow with a chipping effect 
A similar type of breaker may be employed in the annular space between the tubes, 
or alternately the mner tube may be provided with external ribs and act itself as 
a loose breaker in the outer tube 

The material, which is preferably crushed to pass through a f-inch sieve, is fed 
into the inner tube at one end and leaves the outer tube at the same end, after 



Fig 43 — ^Fusion Patent Ubtort. 
Typical Temperature Giadient 


traversing first the mner and then the outer tube The mateiial is not mechamcally 
propelled along the tubes, but moves along through findmg its angle of roposo as 
the tubes rotate There must, of course, be a difference m level of the material at 
inlet and outlet for motion to take place. This dillcrence in level, or head,” 
varies with the rate at which the material is treated, with the speed of the xotaiion 
of the retort and with other factors, but it is stated that the head required m a single- 
tube retort is about 2 inches. 

The heating gases circulate around the outer tube, and hence the mner tube 
is^only mdirectly heated. The temperature gradient of the material in the retort 
therefore rises very gradually , and, as given by Capt, 0. J. Goodwin,^ is shown 
in Fig. 43 for a typical run. By manipulating the dampers G (Fig. 42) the tem- 
perature gradient in the outer tube may be regulated to suit different materials, 

^ Goodwin, 0 J. The Fusion Patent Low Temperature Betort Trans. 8 Wales Inst of Eng , 
April, 1922, 
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rising either gradually or quickly to a maximum, or rising in defined stages if it be 
expected that a strongly marked exothermic action will take place in the material. 
The evolved gases and vapours in each tube remain separate until they mix on exit. 

A special mechanical feature of the retort is the design of stufiing box at the 
exit end of the tubes. The method of making the ]omt is illustrated in Fig 44 
The joint is made between an asbestos compound ring and a steel ring. The 
asbestos compound ring is secured to the revolving tube, while the steel ring is 
carried by a diaphragm which is corrugated in order to increase its flexibility. Steel 
springs are employed to keep the rubbing surfaces in contact. 



SCALE OF INCHES 

12 3 4 ASBESTOS COMPOUND i 

I I . I . I RING SECURED TO \ 

REVOLVING TUBE 

/ : ^ 
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Pia 44 —Fusion Patbnt Rbtoet Detail of Flexible Joint 


The loose breaker diflbrcntiates this retort from other somewhat similar devices. 
The outstanding claim made is that the breaker not only keeps the heating sur- 
faces free from dnt and scale, but that it also prevonfcs the caking of the material 
itself The power required to actuate the breaker is very small ; and, as a scraping 
action takes place each time the breaker falls over, there is no danger of the scraper 
breaking or failing to function. It is stated that the throughput of a Fusion retort 
of the dimensions described, is from to 6 tons per 24 hours. 

An experimental retort of the above type, though without the inner tube, has 
been constructed by the Fusion Corporation, Ltd., at their works at Middlewich, 
Cheshire. Its throughput is 6 tons per day. 


0 
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THE MAOLAUEIN PROCESS 


The earlier developments of the Maclaurm process have already been outlined 
on page 200. The most recent development arises from the decision of the Glasgow 
Corporation to install a battery of five units of this type of retort at Dalmarnock. 
Two objectives are aimed at Firstly, the production of smokeless fuel, and 
secondly, to prove whether or not the gas obtamed by the process can be economically 
used for the firing of the boilers m the generabmg station 

Fig. 45 shows one of the latest types of the Maclanim retort It has a square 



/Scrubbers^ 


Eia 45 — Maolaitein Carbonising I^lant 



cross-section, its maximum internal width being 8 feet and its overall height about 
46 feet. The retort is raised above ground level so that tubs can be run beneath 
to facilitate discharging. For the purposes of securing uniform distribution, the 
air blast enters through a large number of narrow ports in the opposite side-walls, 
and also by similar ports in a dividing wall which is carried across the plant at the 
same level The zone below the entry of the air is the coolmg zone. Steam is 
injected at the discharging doors, and, in cooling the coke before discharge, becomes 
heated and partly decomposed into water gas Passmg upwards, it mixes with 
the producer gas formed at the combustion zone. The cylindrical tank at the top 
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of the retox't, which acts as a’ condenser, has a diameter of 8 feet and a height of 
about 10 feet. The bottom of this tank is dished upwards, so as to provide a well 
for the collection of the oil and water. An open internal cylmder dips into this 
well, leaving an annular space of about 2 inches for the passage of the gas. 

The plant is continuous in operation, and a retort of the dimensions given 
contains about 30 tons of fuel. It may be run either for complete gasification 
of the fuel or for the production of smokeless fuel, the only adjustment necessary 
in changing over consisting m the regulation of the air blast and gas outlet valves^ 
It IS stated that the gas leaves the plant at a temperature of from 60° C. to 80° C.^ 
so that the heat losses involved in the process are very small. 

THE MARSHALL-EASTON PROCESS 

The Marshall-Easton retort, a suggested arrangement of which is illustrated 
in Eig, 46, IS of the vertical type, heated internally by the sensible heat of water 
gas and heated externally by the ignition of '' blow gas m the surroimdmg chequer- 
work The retort is made of silicon cast iron, mclies thick, and consists of two 
veitical cylinders with a common segment, so that the cross-section is m the form 
of the figure 8 The mterior of the retort contains two screw conveyors, one m 
each cylmder The screws arc so disposed that the projecting portion of one is 
opposite the recess of the other in the common segment of the retort The move- 
ment of the scicws is synchronised, the speed of each being from six to ten levolutions 
per lioui Tlxe descent of the charge through the retort is controlled by the move- 
ment of the s(ire\vs, and the chum is made that, as the blades of the screws segment 
ally overlap, highly bitummous or sticky coal cannot hold itself uj) m the retort,, 
as it is continually being wiped forwaids and downwards. It should be noted that 
the claim that the screws act as scrajrexs is not made by the inventors The charge 
progresses through the retort in segmental rings about 6 inches deep and about 
4} mches thick. Thus the external heat of carbonisation has to pass only through 
the thickness of the retort and 4|- mches of the charge, and it is claimed that the 
time of carbonisation is from three to four hours A full description of the retort 
and process is given by Mr. P. D Marshall m a recent number of the Gas JourmL 

TflE PEHRSON PROCESS 

The Pehrson rotary furnace system is designed to separate the products 
which come oft when coal is heated up to 250° 0. (or higher with some coals) from 
those which are evolved between that temperature and 660° 0. It has already 
been shown (Chap. VII) that the former consist mainly, if not entirely, of carbon 

» Marshall, ]?. I) “ Low Temperature Carbomeation by the Medium of Water Gas . The 
Marshall-Easton Process.’* Gas Journal^ June 13, 1923 



228 


LOW TEMPERATURE CARBONISATION 


dioxide and the water of constitution, whilst the oils and hydrocarbon gasos are 
evolved during the latter stage In the higher temperature stage internal lieatmg 
IS effected by recirculatmg a proportion of the make gases after their teniperatuie 
has been raised in a separately fired gas-heater In the lower temperatuie stage 
the internal heating is effected by means of the flue gases from tlie gas-heater 

The process is mtended to treat small coal or duff The mam operations are 
earned out m rotary retorts which are intercommunicating but which allow the 
products of distillation mixed with the heating gas to be taken oil separately fioin 
each furnace. 

The retortmg apparatus consists of a drymg tray and two rotary furnaces 
The fine coal first passes over a drying tray which consists of a circular table under 
which the hot gases from No 1 furnace aie conducted It is then fed into No 1 
furnace, where it is treated by hot air or waste gases at a temperature below that 
at which combustible volatile matter begins to be liberated to any extent The 
distillation products from this furnace bemg valueless are discarded after passing 
imder the drymg tray, but a portion is circulated through a heater and reintroduced 
mto the furnace No 1 furnace is at a higher level than No 2 fuinace m order 
to facilitate the transference of the charge The matenal enters No 2 fuinace at 
a temperature of from 250° C to 300° C and then gravitates gradually towaids 
a zone of heat which at the discharge end is kept at about 560° C 

The rotary furnaces consist of deep drums, each of which has tubular extensions 
or necks at both ends to facilitate chargmg and dischargmg Integral wiiJi the 
drums are a number of conduits through which the hot gases arc introduced mto 
the lespective charges The method of conveying the hot gases to the charge is 
by means of valves so designed that the gas is forced mto the charge through a 
number of tubes inserted in a cncle round the peripheiy of the furnace and main- 
tained through to the opposite side These tubes liave longitudinal openmgH at 
given intervals, and it is stated that they are so constructed tliat the oiihces cannot 
be choked by the charge 

The valves are so designed that only those tubes which are below the charge 
of coal at a given depth are in service It is affirmed that this device gives perfect 
control since the gas is always passed through fuel of determined dcx>th, winch being 
m constant motion can be maintained at a very uniform temperatuie whilst the 
risk of condensation of oils within the charge is reduced to a minimum 

THE PURE COAL BRIQUETTE PROCESS 

The Pure Coal Briquette process which has been developed by Mr E R Sutcliffe 
and Mr. E C Evans depends for its success more upon the pre-treatment of the 
material than upon the type of retort used The authors indeed state that their 
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process can be successfully carried out m existing gas retort or coke oven plants, 
althougla a special type of retort has also been designed when a smokeless domestic 
fuel IS required. 

The coal is first washed and dried, and then ground to the size determined by 
the characteristics desired m the resulting coke. The size usually recoimnended 


1 * ,1 ' -1 I* 
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Fjq 47. — Pure Coal Briquette Process. 

IS 30 mesh. The coal is then mixed with coke breeze, non-caking coal or pre-heated 
coal in the requisite proportions to render the mixture non-expanding. It is stated 
that, with most British coals, good results can be obtamed by the addition of 
20 per cent to 26 per cent of coke breeze. The mixture is then briquetted without 
a binder, a pressure of eight to ten tons per square inch being applied m a specially 
designed ovoid press. The briquettes thus produced are hard and dense, and not 
only pass through the retort without fracture, but result in a fuel which does not 
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xeadily disintegrate during transit. The inventors state that a briquetted material 
oi this description may be advantageously used in gasworks and cokmg ovens. 
The coke is not only free-burning and smokeless, but is hard and dense It is 
claimed to be of better quality than the cokes obtained from existing processes 
In order to obtain the most suitable fuel for domestic purposes, the material 
IS subjected to a gradually mcreasmg temperature which may rise to 1000® C. The 
resulting fuel has a low volatile content;, but it is claimed that on account of its 
structure the coke is as easy to ignite and as frec-biirnmg as a coke with a volatile 
content of 10 per cent. The use of this high temperature ensuics a high yield of 
gas and ammonium sulphate In addition, since the coal is gradually heated to 
its maximum, the tars are expelled at low temperatures and have the same 
characteristics as ordinary low temperature tars 

The type of retort employed is shown in Fig 47 The retoit consists of a 
vertical cylindrical chamber Imed with firebrick and lagged witli insulating material 
It IS heated mternally by means of steam superheated in preheaters and regenerators 
to the required temperatm'e. The rebort is fitted mth two regenerators, which aie 
used alternately in the usual way, one being heated while the other is giving up 
its heat to the steam used as the heating medium The regenerators are heated 
by part of the surplus gas being burned at the bottom, the products cf combustion 
passing through the chequerwork bricks 

THE SCOTT-MONCRIEFF PROCESS 

In the Scott-Moncriefi process, of which a detailed description has not yet 
appeared m the technical press, though particulars are given m his Patent Specifi- 
cation,^ the material is placed m a senes of trays, which are superimposed one on 
the other m a cradle or support The trays are fitted with circular bosses or 
distance pieces, which engage by male and female projections, and leave a free 
passage between the trays for the withdrawal of the gaseous or vapoui jiioducts 
of carbonisation Means are provided for engagmg the trays to the cradle, so that 
the trays of the series are successively introduced or withdrawn fiom the lowei end 
of the lattei. The cradle is rigidly attached to the lid of tlie retort, and can bo 
conveniently mtroduced into and removed from the retoit by means of an over- 
head traveller or trolley. After the material has been carbonised, the trays are 
removed from the retort and placed in a cooling chamber of the same size as the 
retort The circular groove on its upper run corresponds to the tongue on the hd 
of the retort, so that a tight junction is readily effected When the material has 
been cooled, the cradle is taken to the unloading platform, and the trays disengaged 
Hydraulic power is suggested as a convenient method of raising and lowering 

1 Scott-Moneneff, W. B Pat Spec. JTo. 182,888 (1922). 
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blie cradle for this purpose When the trays have been unloaded, they are taken to 
a loading platform, where the correct amount of fuel is introduced into each. The 
operations of loading the cradle and carbonising the material are then repeated. 

It will bo seen that the principle involved in this process is very similar to that 
incorporated in the Fuel Research Board apparatus described on p 221. Mr. 
Scott-MoncriefE’s further experiments will be followed with great interest. 

THE SENSIBLE HEAT (NIELSEN) PROCESS 

In the ‘‘ Sensible Heat ’’ (Nielsen) process the retort is of the mclined rotary 
type, and is internally heated with hot producer gas After carrymg out a con- 
siderable amount of experimental work in a small plant erected at Chatterley, 
Messrs. Bryan Lamg and Harald Nielsen, the owners of the patent rights, have 
recently installed a large plant at the works of the Carbon Products Company in 
India. This retort, which is designed to treat 100 tons of coal per day, is illus- 
trated m Fig 48. It consists of a steel shell, which is about 90 feet long Over a 
length of 40 feet the diameter is 7 feet, and over the remainder of the length the 
diameter is 9 feet, the larger diameter being at the discharge end Near the lower 
end an annular chamber, 14 feet in diameter and 8 feet long, is biiilL round the 
shell This chamber is for the purpose of cooling and facilitating the discharge of 
the material after caibonisation The shell is lined with firebiick as a protection 
agamst the action of heat, and is lagged on the outside in order to reduce radiation 
losses Tlic charge is fed into the retort at the upper end, and the mclination and 
speed of the retort are such that complete caibonisation is cffeci.ed when the 
mateiial has reached the lower end of the retort Separate discharging doois into 
and from the cooling chamber are fitted and aie hand-operated 

The retort is driven through a spur-img which surrounds the shell at its 
mid-length. The weight of the retort is carried on rollers by three rimmng 
bands, winch are situated one near each end of the retort and one near the drivmg 
band. End thrust is taken by thrust rollers resting agamst the side of the runnmg 
band 

The material is carbonised by means of hot producer gas which traverses the 
full length of tho retort in the opposite direction to the movement of the charge. 
The producer, which is of special design, is placed near the lower end of the retort. 
The outlet from the producer enters the revolving portion of the retort through 
a specially designed gland in which cast iron rings rest on metallic surfaces. At 
the other end of the retort, a fixed cylindrical casing, 3| feet in diameter, carries 
both the coal-feeding mechanism and the gas outlet branch. The gland at this 
end is similar to that at the other. In their design the inventors appear to have 
solved the difficult problem of keeping a large-diameter stuffing box tight under 
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lugh temperatures. Tlie coal is fed into the retort by a screw conveyor wforking 
in a trough into which the coal falls from a mechanical measuring dcviee 



E3 E3 £9 © £3 H) -{D 



Pio 48 — “ Sensible Heat ” (Nielsen) Proofss Prodeoee Gab System 


The hot producer gas m its passage through the retoit is enriched with the 
products of distillation. Alter leaving the retort it is passed through a tar exii actor 
and condenser lor the separation of the oil before it is used or collected m a gas- 
’^older. 
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A further experimental plant to carbonise 10 tons per day, is to be erected at 
Silkstone, Yorkshire. In this plant, illustrated diagrammatically m Fig. 49, the 
mventors intend to use hot producer gas as the heating agent only when the plant 
is bemg started up. When in full operation the make gas after being condensed 
and oil scrubbed will be passed through a superheater placed m front of the 
rotating retort and then through the retort, so effectmg carbonisation by means 
of its sensible heat. The superheater is so arranged that it can be fired, either by 
usmg a portion of the scrubbed make gas, or by producer gas In this way it is 
hoped to obtain a gas more nearly approaching the rich gas that can be produced 
in externally heated retorts, whilst retammg the advantages associated with 
internal heating 

THE TOZER PROCESS 

The mam features of the Tozer process have already been described on page 197, 
and there is little to be added to the account there given A large plant of 24 retorts 
with a throughput of 120 tons of coal per day is now m course of erection at Ballen- 
geich, Natal, for the South African Carbide and Products Co , Ltd , and the lesults 
obtained from this plant will be awaited with mucli mteresl 

A considerable amount of work has recently been done on lignites from vaiioiis 
parts of the world, and a first section to treat 100 tons per day of 24 hours is now 
in course of erection m France, the plant being designed to treat ultimately 500 tons 
per day 

OTHER PROCESSES 

It IS not possible to describe all the processes and retorts siiggesicd for the low 
temperature caibonisation of coal, but a summary c*f the distmctive features of 
others not already described is given in Table XLVI It is thought indeed that a 
tabular description along these lines of all the processes and retorts already con- 
Bidercd would be mterostmg and instructive, but limitations of space render such 
duplication in this volume inadvisable. 

SUMMARY OF SUGGESTED METHODS OF RETORTING 

From the foregoing description of apparatus, it will be seen that mventors have 
suggested a large number of types of retort In addition to those which have been 
described in some detail, there are many others found m the pages of the patent 
literature of this and other countries. Most of these are likely to remam there, 
some as records of misplaced ingenuity, and others as tombstones of unscientific 
skill. In common with many other inventions, the problem has usually been 
approached from too limited an angle. For the attainment of success, the help of 
the engineer, physicist and chemist is required. Co-operation is not only essential 




Pig 49 — “ Sensible Heat ” (Nielsen) Process Supeeheated Ciectjlatinq Gas System 
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betweeji several different branches of science and technology, but other branches, 
such as geology, botany, etc,, are likely to afford valuable information in more 
limited directions. 

Some of the many patents which have been taken out have, however, passed 
from the inventive to the experimental stage, while a few have gone a step further, 
and have been built on a scale in which, if successful, they might be reduplicated 
as units of a possible commercial plant. By means of others, again, it has been 
possible to place on the market small supplies of coke and oil, but time alone can 
show whether the commercial results obtained are such as to ensure their survival. 
The authors have studied in detail some forty of the most promising of the British, 
American and German retorts, and the followmg broad generalisations of their 
most distinctive features are given. 

CLASSIFICATION BY METHOD OF HEATING 

In the broadest sense it has already been pointed out that there arc two methods 
of heating by which the problem of low temperature carbonisation may be attacked , 
but the fact is not overlooked that a process may be successful m which these two 
methods of heating are combined — 

(1) Tlic coal may be distilled m a gastight retort m which the whole of the 
]u‘at for carbonisation is passed through the iron or fireclay retort wall. 
The fuel, solid, liquid or gaseous, is burnt cither in a large chamber which 
almost completely surrounds the retort itself, or m a succession of smaller 
heating chambers built on the outside of the retort wall, i e. external 
heating. 

(2) The coal may be exposed to the action of heat derived from the sensible 
heat of some substance which is mixed with the material to be cai bombed. 
The substance formmg the heating material is usually a large amount of 
producer gas, either generated within the roinrt itself, as m the Maclaurm 
type, or externally, as m the Nielsen retort. Proposals have, however, been 
made from time to time to use materials other than producer gas for this 
purpose, these proposals including the use of superheated steam, heated 
low temperature coal gas, melted lead or hot sand, i.e. internal heating 

Since one of the main difficulties associated with the problem lies m conductmg 
lu^at into the interior of the mass, classification xmder the headings mentioned 
above seems to be the most important. In the first case, the coal must be carbonised 
in thin layers This renders difficult the design ot a plant which shall have a largo 
capacity, and, at the same time, be compact and occupy a minimum of ground 
space. It is simple, however, to obtain and recover tlio maximum of products, 
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especially the gas, both as regards quantity and quality. In the second case, the 
introduction of heat is much facilitated, but when producer gas is used as the 
heating vehicle, it involves dealing with 20,000 to 25,000 cubic feet of a low-grade 
gas, having a calorific value of about 230 B Th.U per cubic foot as a maximum. 
If badly designed or carelessly worked, the heatmg value of the gas may be greatly 
reduced below this figure. 

If superheated steam is used, either alone or m conjunction with producer gas, 
as the heating medium, the quality of the gas available for sale may be greatly 
improved, since the steam will be condensed out in the coolmg plant, whereas 
producer gas passes along as a diluent Unless steam, however, can be obtained 
more or less as a waste product from some other operation, the difficulty of 
rccovermg and making use of its high latent heat renders it expensive as a 
material whose only function is to distribute heat which it possesses by virtue of 
its temperature only. 

Although most types of retort may be classified according to the considerations 
quoted above, we find examples which embody features of both classifications For 
mstance, when a small amount of steam is used at the low temperatures here con- 
sidered, it has been previously seen that decomposition of the steam by carbon is 
almost negligible, and the action of the steam is probably mechanical, not only 
in sweeping away the vapouis of caibonisation, but at the same time in assistmg 
the distribution of heat by convection The fact, therefore, that an externally heated 
retort is steamed brings it partially within that group associated with internal 
heatmg 

CLASSIFICATION BY METHOD OF WORKING 

Having arrived at a basis of classification on the broadest lines, it is obvious 
that many subdivisions may be made within these two groups One of the most 
important of these is whether the process is continuous or discontinuous in action. 

The advantages of a continuous method of worlang are — 

{a) Conservation of labour and heat. 

(6) A tendency to increased life m the retort, owing to constant temperature 
conditions being maintamed in the various parts of the apparatus 
On the other hand, it may he difficult to recommence opera+i'^‘»^« 
event of an interruption or breakdown 

The advantages of an mtermittent process are . — 

(a) Mechanical arrangements may sometimes be simplified. 

{h) Bxammation of the interior of the apparatus is simplified. 

(c) The charge is under more direct control. 



